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Tectonophysics 


WW NiM Ms«onU« 

ruiunriM. Rimw: OR coKTiwmai a semes o» 
DtStUCEO TU1ARES 

Cragory E. Vink (Dapartoenc of Cioloxlrtl and 6 . 0 - 
phnl'il Icloncaa, Prlocaton Unltaralcy, frlacotan, 
n>v Janoy , MU), U. Jaoon Kargin and It-Uag Zhao 
LLthnflpkorlc rtf tin*, Mill* pravaUot lo tk* «c- 
tlnanti, rarely occora In ocaaole tag tom. To ««- 
plain thin prafarantlal rifling of com leant a wc 
coapara tho total llringth of dlfloraoc llthoapHa.'oa 
by later raring rha Haiti of lithoipfcarlc at, air 
with dapth. CBoparlaona of total etrangch lodlcitw 
ihit eonttoontol llthoaphori la vaakar than oeoai.l: 
Ilthoaphoro hy afcoat a factor of thraa. Hu, ■ 
tblctasad eruat can halwo tba total alran,:h ef 
norwal coBiloental Ittboaphara. lacmaa tha vaakaat 
area acta aa a atreaa *ulda, any rifting elora to an 
ocaatrconclnaoi Soundary would prafar a eontlaancal 
rat Sway. Thla raaulca In tha fa mat Ion of coal l 
HOtlnaotsl liagnanto or ■Icroplatta, which onca ac- 
ccotad back to a continent dutlo* subduct loo ara 
atao aa dloplaccd tsrconti. In addition, tba largo 
cruatal thlcknasaai osioelatad wltb sucura coma 
weald. Ironically, oaka auch arias likely locatlooa 
for future rifling solaodaa, TMa reaulta In tha 
tandcncy, dancrlbad aa the U||aan Cycle, of tuw 
ocaina to spin also* tha outoro whaca a farcer ocean 
hal rioted. (lifting, displaced tartanae, lltho- 


oal aodala of tha oontioontal oruat ware oaloulatod to 
otaalna tha possibility of shallow, quasi -plaatlo How 
ud Its lofliwBoa on faulting In tho anatom Baaln- 
Ruga, tba waataro Colorado Plateau and tha Hlddla 
hooky Hooitalna. Ooy data md Inter pro tMton Uvt 
rora ilad tho following otylaa of Co no tola daforoatloni 
I) ataop- to low-aogla dip, normal faulting along the 
Vaaatoh faultj 2) low-angle dip and llatrla no real 
faulting poaalbly aaaaolatad with aovamant on pro- 
axial lug tbruat a] 3) tho eoourrenoa of aayncalrla, 
ooatly aaatward-tutod Tertiary haalna that ara houndod 
by low- to BOdarato-dlpplng planar and llatrlo raulfcai 
and B) at least thrao vertloally-ataeked , Jfl eoholon 
low-angle ran Ml Ion a to tha old- to uppar-oruat thnt 
dip gaotly waatvard froo ka benaoth tho Vaaatqh 
Platan to *‘■15 lot at Uta Utah-Karada border | thesa 
retleotloot are Vntarpreted n normal dotaohonot 
fholta, Tha atruotural stylo of tba pervaalvo low- to 
Mdarete-aogla dipping faults eanaot he easily reooji- 
ollad with olasalo brittle failure theory, hut the 
Interpreted teralsatloo of normal foul to at or above 
tha deeper low-aogla radio l lone auggeata tba praasnoo 
of shallow tanas of duoblle daforaatlon that may havo 
aoooModatad alip. An Important observation, based cm 
Interpretations of aelaala reflection prof lias, la that 
unreal fault tones dip more gaotly In tho subsurface 
than their a escalated scarps In unoonaolldatad surfa- 
olsl depoalta. Saguat boundaries of tha Vaaatoh fault 


tone apparently oalnoldo with tha tatt** 

trending dlaptaoonenL tranafer ati SLaialrin ,C ‘ J 
ahoota and tha position of **■ #fus i,l ,irx- 
nulaohogen, -M>-S of rtf**! 


nulaohogen, auggoatlng that pra-«» 

tor. partly oontrnl. ^ ^ "JSZ** 
einalno tho influanoa of duot lla « f 


•ualM tbo iaf luenoi -f ' 

plaatlo flow was nodolad fdr •PP p “J #n *u. 
tha haain-honga nnd dapU w HJ 

models provide oonatralnVa , Ml occur* “ 

frlollonnl /quasi -ploalio tranaltl n“ 

shallow an '•« ko In the uia «***£! 

depth olse oorraoponda opproalo** 1 " J rthQ ai»a «•* 

whioh noat noourntdly arid 

small oarthquakas <H *‘ S ii ra ngUi UyV *> 
proaonoo Of a low ahoprlng * rt|r ^„i . unR^fS 
low-angle rnultlng ■»» *■ au«l« M tl 

svws •-: , swka. 


rhoologlonl ocdhllng r ,. lw , a 

deforming oonUnontal 

rale In tho evolution of giiidW " 

region, Urgo-ooeia „ at tta W » 


region. Ur go -coals al «■ “J j 

repreoont daoollemnnta a4 ( h«arM rtf<# firi, 

uppor oruatal mm ° r '"*!% 

higher duotlllty. ^ 

oruatal rheology, umilah n * 111 


ayhatic atrangth, Vtlian Cycle). 
J. Crophye. Baa. , B, Fapac IBQSTb 
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WO Plate Toeioelca 

IVIKHCB »1 K HOTSPOT OglflW Of THE CAROL IS e U LAUDS 

l. B. Keating (Raualt Inatltuta of Csophyolca, Unlvec- 
alcy of Hauatf, 232b Corns toad, Uocululu, Hawaii 
Weil), D. P. Kit lay, C. E. Kllslay, J. J. Saughion, 

D, EpP, A. Uiarcvlcx, and 0, Sihwnnk 

Tha Toaulta of palaoMgnatlc, gonchomical, and radlo- 
niiilc ntsdlaa of tha Eastom Caro lice lalanda In tha 
waatont Pacific iadlcato that U>« lalanda wan formed 
by a hotspot locilad near th, pilaoaquatot batman 1 
and H m.y.b.p, Ibo la leads show a 1 1 era r piagTaaalao 
ol cetn ant* fieo 1 a.y. In tha cast (Buiala) to 11 

m. y. In tho west (Truk). Tha rt suite ol volumotrle 
aasauramauia, grochrmtcal, tad mlnaraloglcal atodlea 
auggaat that th« botapot aoucca la wnaing and paihapa 
hn bean slowly tying during tha tlnu Ink, Pomps, and 
Kunlc van bolng foraad, 

Tha ahleld-bulldlng magaoi of tho Carolina lalanda 
tuulat of a differentiated alkallc warlaa showing 
■iktlo gcothmcal dlffeiencca. The peat-araalonal 
lavas ato hf^ily alllca-undaraataratod and trace 
el aamt -enriched ncphollnlua. The latter were Inptid • 
akacqueot to tha final I on of the mala ihlald yhaae ol 
vulranlam. The pictography and Biochemical evolution 
ol Truk , Ponapa, and Kusalc la alroagly re alulae tap of < 
that of tha Hawaiian chaloi liwvvwr, Carolina ablald- 
bullillng lavas ara co^oslilooaUy non alallar to 
HamaUam elUlU lavaa. 

J. Gcophya, b«., I, Paper 1BH9I 
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Bin atruoUra of tbs Lltboipbare . 
mupun DTTU10UL TKCTOnca OP TO* BtSIUOl Btars- 
bukbi upiiudn on smeniiL sttls Hioh bcukic 
RBiu^noa mu, uanmtL ncnuaca up thmhal- 
mchakol mu or BmTU/twm* nriFOutTUM 
R. B. talth (pa parts act or Owlogy and QoopbysLoa, 
DoltaMHy of Dub, Salt Uka Oltff,' fU^h, HIli-llBj) 
and I, L, Mu 
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RECONNECTION 

In Space and Laboratoiy 
Plasmas (1984) 

/ • Geophysical Monograph Senes 

j- Xr' Volume 30 

E ' HoneS ' Jr ” “'I 0 ' Tns 

‘V^ JW 408 pages • hardbound • i* lustra 

Based on the 1983 AGO Chapman Conference on Magnetic ^ econn ^^ ce is 
volume offers a thorough examination of the subject area. A strong 
made between review papers, those which describe basic principles. ® rn ^ a r 
on recent theoretical and observational advances. Of special Intere ^ 

new magnetospheric obsenratlons made by the ISEE 3 satellite. A qu ppra }saJ 
answer session held during the Chapman Conference as well as a ™ = 
session are Included jn the last section of the book. 
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R. Giovanelli 
1915-1984 



Ronald Gordon Giovanelli. D.Sc. F.A.A., an 
eminent Australian scientist in tlie fields of 
physics and astronomy, died after a long ill- 
ness on January 27. 1984, at the age of 69. 

After graduating front the University of 
Sydney, Tie spent 2 years ( 1937—1 U38) as a 
Research Fellow at die Commonwealth Solar 
Observatory (Mount Strontlo). It was here 
that he developed his life-long interest in so- 
lar optical astronomy and the theory of solar 
active regions. 

It is perhaps unfortunate that his work in 
this field had to be postponed lor some years 
while Giovanelli joined the original group of 
nine scientists who were recruited by CSIR 
(now CS IRQ) to establish the Australian Na- 


tional Standards Laboraioiv. He spent 1940- 
1941 at the U.K. National Physical Labora- 
tory preparing for litis task. Returning to 
Australia in 1941 lie became deeply involved 
ni scientific support of the war effort, partic- 
ularly with respect to the production of opti- 
cal munitions and military problems of night 
vision. After the war he played an important 
part in establishing Australia's national stan- 
dards of physical measurement in die fields 
of optics, photometry, and colorimetry. In 
1958 he was chosen as Chief of the Division 
of Physics of CSIRO, a pusition lie held until 
1974, when the onset oi his long illness ne- 
cessitated his retirement front administrative 
duties. 

During this period, which spanned most of 
Giovanelli's working life, he carried a heavy 
load of lecturing and training solar physicists 
as well as the administrative dudes and con- 
tributions to scientific societies. Nevertheless 
he found time to pursue his main interest of 
opdeal solar astronomy and related theoreti- 
cal problems of the solar atmosphere and in- 
terplanetary space. He set up modem obser- 
vatories, first at Fleurs near Sydney and later 
at Culgoora in northern New South Wales. 
He was responsible for much of the unique 
optical equipment including the 1/20 A filter 
of the sophisticated magnet ograph. 

These developments and tlte related theo- 
retical work, published in roughly 1 00 pa- 
pers, covers a wide variety of problems in- 
cluding extensive studies of the diffusion of 
light ill rough stellar atmospheres. However, 
Giovanelli had sensed, even as early as his 
Strom lo days, that the most interesting phe- 
nomena in the solai atmosphere arc closely 
related to the magnetic fields extending 
through the solar surface. A fundamental 
feature of plasmas, including, of course, the 
solar atmosphere and its interplanetary ex- 
tension, is the interplay of energy forms be- 
tween the energy of magnetic fields on the 
one band and the kinetic energy uf particles 
on tlte other. Following earlier observational 
studies of solar (lares and their structural re- 


lationships to siinspm magnetic fields, Gio- 
vanelli in 19-16 advanced a theory that the 
Hare optical emission is from atoms excited 
by electrons accelerated in induced electric 
fields near neutral points in the evolving 
magnetic fields of sunspots. This and subsc- 

a uem publications in 1947 and 1948 intro- 
uccd the concept that wc now call magnetic 
reconnection (nr magnetic merging or mag- 
netic field annihilation), li is not necessary lo 
stress the impui mucc of this concept, which is 
l lie basic feature of modern theory of solar 
and stellar flares as well as a number of im- 
portant phenomena in the magnetospheres 
of the earth and other planets. 

After 1974, Giovanelli retained an affili- 
ation with CSIRO as a Senior Research Fel- 
low, spending much time in various observa- 
tories and oilier research institutes around 
the world. During this period his main re- 
search interest was the basic problems of the 
origin of the solar magnetic helds and the ac- 
tivity cycle. This problem has been outstand- 
ing for more than a quarter century, but for 
most of that time the observational tint a avail- 
able was so limited and so inaccurate that a 
sound physical theory was not achievable. 

The so-called turbulent dynamo theory is al- 
most entirely a mathematical edifice with 
most parameters simply guesswork. Giovan- 
elli undertook a careful investigation of the 
properties of the concentrated tubes of mag- 
netic (lux which make up most or till solar 
magnetic fields. His last papers, some u it pub- 
lished, were directed at a refutation of the 

n iiilar l henry of the origin of solar magnet- 
elds and the advancement of an alterna- 
tive based mainly on oliseivaiitmal (lam and 
physical arguments. 

Ron Giovanelli's lonlrilmiioiis to siicnce 
and technology extended far beyond his re- 
search ivmk. In Australia and abroad he 
lauglu and lei lured extensively and served 
on muncrotis conn Missions ami in other ca- 
pacities in scientific Imdics. He helped in the 
growth of Australia’s [rational measurement 
system by serving as a member of tlte Nation- 


al Standards Commission from 1959 to 1976. 
In 1962 he was elected a Fellow of the Aus- 
tralian Academy uf Science and .subsequently 
served on the National Committees for As- 
tronomy, Space Research, the International 
Quiet Suit Years, and Solar-Terrestrial Phys- 
ics as well as on tlic International Relations 
Committee and Science and Industry Forum- 
He was largely responsible Tor the setting up 
in 1966 uf the Astronomical Society of Aus- 
tralia and served as president from 1968 to 
1971. He was active within the International 
Astronomical Union, serving as president of 
Commission 12 (Solar Radial ion) from 1973 
to 1970. 

Ron traveled abroad frequently and made 
extended visits to many observatories, includ- 
ing those at Kilt Peak, Sacramento Peak, Ar- 
cctri, and Freiburg. Matty of his happiest 
times were spent in Tucson and the sur- 
rounding areas in Arizona, New Mexico, Col- 
orado, and Mexico. Apart from the frequent 
occasions when we were in diflerem coun- 
tries, I worked closely with Ron from 1967 to 
tlte day before he died. Ron was always ac- 
companied by his wife Katlt who was nearly 
as well known in the astronomical community 
ns Ron lumself. She was also well known in 
the art worlds of Sydney and Tucson and at 
one stage she interested Ron in the tech- 
niques of pottery. Sume of the results are still 
to he found among the staff of Sacramento 
Peak Observatory. 

During Ron's lust few days a happy note 
was struck hy the ariivul of the proofs of Ids 
hunk Scotk uj the Sun (Cambridge University 
Pi ess), written lor ntnipliysicists. I visited him 
in a hospital intensive care ward to find him 
elated al mill his hook hihI, incredibly, giving 
dictation for his last publication. His death, 
which he knew to he imminent, net lined (.lie 
next day. 


This tribute win written />> .]• II. I'idiliiiglon, 
Division of Applied i‘hysm, ( S/ItH, Sydney , Aus- 
trulin. 



New Climate 
Center 

A center to direct what has been called die 
most broadly based scientific effort to predict 
the world's climate has been established at 
Columbia Univcisily. The goal uf the new 
center is to predict with increasing cei tainty 
specific climate changes around the planet 
over periods of tlecades. 

Formed by the Goddard Institute of Space 
Sciences (G(SS) of the National Aeronautics 
and Space Administration (NASA) and the 
Lamont-Duheity Geological Observatory, the 
new Center for Climate Research was 
launched by a SI million gift from the G. 
Uneev Veilescn Foundation. 

Housed at Lamonl in Palisades, N.Y., the 
renter will draw upon the large earth-history 
database and preeminent geological and 
ocean science research work at tlte observa- 
tory and GISS. Scientists at the center will 
nave at their disposal the most concentrated 
tnajs of relevant physical and observational 
data ever assembled for climate study, includ- 
ing the Lamont deep-sea sediment core li- 
brary and NASA's huge array of atmospheric 
and satellite data. 

'The Center for Climate Research will be a 
renter of excellence in research. . .[and) will 
provide a more stable environment for re- 
*?ych and education of young scientists," 
teid Barry Raleigh, director of Lamonl. "We 
‘"tend the center to provide a highly visible 
WU a C i°^ l ^ e fundamental scientific work 
needed to support those who must make 
decisions in planning for the use of the 
bond's energy, land, and agricultural re- 
Wurces.” 

. .^ l Lamont-Doherty, ocean chemists! phys- 
tol and biological oceanographers, dendroch- 
ronolopists, palynologists, paleontologists, and 
geologists conduct research on past climates, 
ure coupling of the oceans and the ntmo- 
« i^ e ?^ ecl , ^ e oceans on mediating 
rerbon dioxide in the atmosphere, the oceans 
P * ln ks and sources of heat, the time scales 
° r exc "ange of heat and gases between the 
®*au and the atmosphere and a variety of 
aied topics," Raleigh explained. ‘Their ob- 
rvauons and theoretical effects provide pa- 
rs nee ded to improve the computer 
dels at GISS, which in turn suggest new 
..P en ” t ? rits and observations. The synergis- 
^ combination of Lamont-Doherty and GISS 
nai£ tUl f ^ b® rite cornerstone of a major 
"Vy c fibrt in climatological research." 
we mwi sustain observational programs 
j a ° r two if the problems ad- 

«sed here are to be solved, and so we will 
sur n 0f1 ® er ‘ tcr,n c ommUments of federal 
WW 'nstead of the usual l-r-8 year grants 
cu rrctiily afF„ r( ] odi i. R „, eigfl 5aid ' 

million has been 

matJL* d ky l *) c Vetlesen Foundation on a 
whlrt .I® . Sl5, Cynthia University, of 
va, ' . Lamont-Doherty 'Geological Obser- 
mjii!^* 8 9 P art ' hopes to raise another $3.5 ' 
n over the next few years to assure the 


renter ni mm inning .uiiviiy. The elfin l will 
cnilnw ;i pmtcvKiml < Iiaii and provide funds 

fur scholarships, pew-sh •Linr.il fellowship*. 

senior silmljis, equipment, and operating en- 
dowment. Gilts already have been made by 
the Weyerhaeuser Company, SOI I IO, the 
Exxon Research and Engineering Company, 
and the Fxxnn Frit ir at ion Foundation NASA 
will provide lilianu.il support |«u puti-Juciui- 
al fellowships. 


CO2 Extracts 
Secondary Oil 

Eighty m ninety percent (or 11101c) or tlte 
petroleum in an oil held remains in the 
ground after conventional primary recovery 
is done and ihc wells run dry. Secondary re- 
covery techniques that utilize injected natural 
gas or water can, if successful, recover an ad- 
ditional 20-50$ of the original oil in place, 
bill usually most of the oil stays in the 
ground. In the past few years it has been dis- 
covered that injection of supercritical carbon 
dioxide could be effective in extracting as 
much as 95% of the oil in place. Major pipe- 
lines to carry carbon dioxide from natural oc- 
currences to oil fields are now being con- 
structed according to a recent report by F. M. 
Orr and J. J. Tabor (Scitnce, 224, 563-569, 
1984). Billions of dollars are being spent to 
construct three major pipelines and facilities 
for injecting carbon dioxide into the ground 
in the West Texas Permian Oil Basin. 

F. M. Orr. Jr., and J. J. Tabor point out 
that the potential goal and the target for en- 
chanced recovery techniques is large: "Of the 
more than 400 billion barrels of oil discov- 
ered in the United States, around 300 billion 
barrels will not be recovered by standard 
methods." Carbon dioxide is relatively inex^ 
pensive and effective, even after pipeline 
costs. Today, secondary recovery is mostly 
done by water or steam injection. This recov- 
ery is used in hair the U. S. oil production. In 
the near future, carbon dioxide could ac- 
count for most of the United States produc- 
tion. . 

It has been known for n long nine that 
supercritical fluids, including carbon dioxide, 
are effective solvents. Tlte mechanism m oil 
fields is more complex. Wbeh carbon dioxide 
is pumped into an oil 6*1. viscosities, two 
phase regions in pseudoternary (nnd strict 1) 
metastable) space, and bulk oil composition 
(In terms of light- and heavy-molecule frac- 
tions) are important factors. Pure carbon di- 
oxide is not miscible with crude oil. In the 
simplest model it U constrained by a two , 
phase region that can be Lransversed to a sin- 
gle phase if the process of separation by dd' 
fering viscosity proceeds, winch H *5 
crude oil has die right composition. The oil 
composition Is not at all binary (although it n 
convenient to think, of light knd heavy hydro- 
carbon fractions), the system 15 sensitive ip 
pressure and; temperature. ^1* # 
seems io be consistent with field and labora- 


Inrv oliscrvalicHit. hue picvtinc ami ■ ■■ licr 
pore phciinnivti.i are impnri.1111 in ille field, 
as are faiiui% un It .w visum*, instabilities, anil 
die t-lk'tis ni watei. 

Orr and 'lulmi imu* that tests of the use «>l 
carbon dioxide in a range »t actual oil field 
reset voirs have been rcmnrkafilv siiilcssI'uI. 
including s..me II... ..l.-f .. iifi The 

atm hi 1 11 ol Lai lion dioxide needed m lemvei 
each ban el id nil was .iltntii 20()i) cubic (cel. 
The nvailabikil> ol curium dioxide will tints Iw 
a limiting factui in the large-scale use uf the 
process at present. In (lie fiituie it may be 
economic to use the c.irlmn dioxide that is 
now being vented lo the atmosphere in pow- 
er plant aiul rehucry smoke stacks. Orr and 
Tabor state: "Despite the remaining uncer- 
tainties in (he predictions uf CO* Hunt l per- 
formance, CO-.' supplies, and process eco- 
nomics. it is clear that large-scale use of 
supercritical CO* for enhanced recovery uf 
oil is assured .’' — PMB 


In Congress: 
Upcoming Hearings 

The following hearings and markups have 
been tentatively scheduled Tor the coming 
weeks by the Senate and House of Represen- 
tatives. Dates and times should be verified 
with the committee or subcommittee holding 
the hearing or markup; all offices on Capitol 
Hill may be reached by telephoning 202-224- 
3121. For guidelines on contacting a member 
of Congress, see AGU’s Guide io Legislative fn- 
formation and Contacts (Eos, April 17, 1984, p. 
159). 

June 26: Hearing on contracts by National 
Oceanic and Atmospheric Administration 
for mapping and charting services by the 
Senate Commerce, Science, and Transporta- 
tion Committee and the National Ocean Poli- 
cy Study. Russell Senate Office Building, 
Room SR-25S, 10 A.M. 

June 26 (tentative): Heating on making the 
Coastal Zone Management Act (P.L. 94-370) 
consistent with state management plans (H.R.. 
4589) by the House Merchant Marine and 
Fisheries Committee. Longwonh Building, 
Room 1334. 


TBA: Mark up of legislation (H.R. 3200) 
amending the Safe Drinking Water Act (P.L. 
93-523) by the Health and Environment Sub- 


committee or the House Energy and Com- 
merce Committee: Time and ruom to be an- 
nounced.— 577? 


Spring Streamflow 

Rapid snowmelt and heavy rains caused 
one of tlte wettest Mays on record last month, 
although signs of a drier season were present 
in a Few scattered arctis, according to the U.S. 
Geological Survey >(USG$) a Department of the 
Interior. 

Reflecdng overall cpnditions, the combined 


avetage daily How ul die nntion'i ilircr in.i|nr 
rivets was 36'. ■* above the lung- let 111 ,1 vet age 
lor Mas, the USC.S *>ai«l in its regnl.il month- 
ly report "it the nation's watei ii-soim «■«*. 
i'liese rivers — 1 lit- Mississippi. Si. l .iwieine. 
and Columbia — drain unite tit, in ball of the 
48 um terniii tuns suites, and their (lows pro- 
udr a useful • hi • V mi tin- gcnei.il si.mii <>l 
l’.S. watei tesoiiTtes. 

Of 172 USGS index sueanillow stations 
surveyed in Mav, Hows at 94 (Ted,' 1 were well 
above average tin the upper 25 r f ol long- 
term record). Slicumllows ;ti 6] Malians 
(35%) were in the average range, while 17 
stations (lU^cj were well below average (in the 
lowest 25% of lung-term record) 

Rccurtl-biglt streniuflows lor the ninitlli of 
May occurred in 15 states: Colorado, Con- 
necticut, Idaho, Iowa, Maine, New Jcisey. 

New York, Kentucky, Nebraska. Nevada, 
North Carolina. Tennessee. Utah, Virginia, 
and Wvuniing. Near-record high flows — one 
of the three highest flows Tor the period of 
record at each index station — occurred in 
eight states: Alabama. Florida, Georgia, Kan- 
sas, Mississippi. Minnesota. Oregun, and 
South Carolina. 

Record-low or ncar-record-low stream flows 
were recorded only in Texas. Montana and 
Puerto Rico. At scattered points, however, 
stream flows declined into the well below-av- 
erage range: in northern and southern Cali- 
fornia, in northern Washington and Idaho, in 
northern Michigan, in a small area of the 
lower Mississippi River Basin above New Or- 
leans. and in Hawaii. 

Floods occurred in 1 4 states: as a result of 
snowmelt in Colorado, Idaho, Oregon, Utah, 
Wyoming, and Nevada and us a result of 
heavy rains in Connecticut, Kentucky, New 
Jersey, New York, Oklahoma, Virginia, West 
Virginia, and Tennessee. Flood-related losses 
were greatest in Oklahoma when 12 inches or 
rain fell al Tulsa May 26 and 27. Flash floods 
occurred on two creeks in residential areas, 
causing 13 deaths and $251) million in dam- 
age. 

Hydrologist Hat Tang hi the USGS Nation- 
al Center in Kestnn, Va.. said ground -water 
levels tended to decline seasonally toward l he 

News (cant, on p. 412) 

I ■ STREAMFLOW DURING MAY " 1 




mm cm • «• 

Above raranat In normal >anga . .ItJevf normal 
InW.. A, h.|MU » H. Mnl 






I 


EOS June 2f>, 19H4 


!: :j j • 
! i ' i'. 


- 'I : 

■ .1 *1 : - 

\) Si!( 




'! ;r.i ■' 

• 'i| li .. 

• ! ' 

'll • 

, l.i! h, 
"i . • I 


■ ty-'Ai- 

■ ■ | ’ ; ;i 

■ '• i ; • 


1 i ••:.]- 

■ ! Hi 


I 'I • 1 

*( - 1 |!r ; 

i* i i . 


r» 



! ; i," . 

- • 
: ' 


! ■'■'ijll-S 






'’! *j[. : * *■ 


Ill 

liift!? IT 




Editor: Bruce Doe, 11721 Dry Kiver Court, Ki-s- 
ion, VA 2209 1 (teleplinne 703-KUU-3170, after 5:J0 
P-iii.)- 

Amazing and 
Portentous 
Summer of 1783 

C. A. Wootl 

The lumincr nf ilic year 1 783 was an amazing 
.mil pnitemuus one, ami full «»F horrible phenome- 
na; for IkmiIm lire alarming muleuri and tremen- 
dous ill under-Sturms that affrighted and distressed 
lire (lifTcrcM count lei of this kingdom, the peculiar 
haze, or imokcv fog, that prevailed for many weeks 
in this island, and in every part of Europe, and even 
beyond its Limits, was ,i most extraordinary appear- 
ance. unlike anything known within the memory of 
man. B> my journal I lincl dial ( has notice this 
strange m curie lire fmin June 23 to July 20 inclu- 
sive, dining * liicli period die wind varied to every 
quarter withtuti making any allciaiinn in the air. 
The sun. ai noon, luiikcd as Itlank as a clouded 
miinn, and shed a rust- coloured ferruginous light 
on the ground . unit (loots uf rooms; but was partic- 
ularly lurid and blood -coloured at rising and sel- 
ling. Ail the lime the heat was so intense that butch- 
ers' meat could linrdly be eaten on the day after it 
was killed; and (he flies swarmed so in the lanes and 
hedges that ihey rendered ihc horses half frantic, 
and riding irksome. The country people began to 
look with a super si i tit ms awe ji the red. louring as- 
pen of the sun; and indeed tFierc was reason for 
the most enlightened person lo lie apprehensive; 
for all the while, Calabria and pari of die isle of Sir- 
ily, were torn and convulsed with earthquakes; and 
about that juncture a volcano sprung out of the sea 
on die coast of Norway. On this occasion Milton's 
noble simile or the sun, in his firii book of Paradise 
Lost, frequently occurred to my mind; and it is in- 
deed particularly applicable, because, towards the 
end, ii alludes to a superstitious kind of dread, with 
which (he minds uf men arc always impressed by 
such strange and unusual phenomena. 

. . .As when the sun. new risen. 

Looks through the horizontal, misty air. 

Shorn of his beams; or from behind the moon, 
In dim eclipse, disastrous twilight sheds 
On half the nations, and with fear of change 
Perplexes monarchs. . . . 

|lVAJlr, I977|. 
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Krakatau “dry fog" (summarized in Simkin 
and Fiske [MSS]), suinc discussion of the fa- 
mous "year without a summer" in 1816 fol- 
lowing Tambora’s eruption [Sfowmr/ and 
Stmmel. 10831. but little mention, beyond 
Franklin's prescient speculation (reprinted in 
Eos. p. GDI. August 10. 1982), on the origin 
or the fog of 1783. Thus, Gilbcit White’s viv- 
id description of the atmospheric effects of 
the Laki eruption transcends the local history 
of one small English village. 

While's account of the "smokey fog” of 
1783 is remarkably similar to descriptions of 
the Krakatau and Tantbora hazes. As follow- 
ing those better known eruptions, the sun 
wns dimmed, becoming “blood-coloured" at 
sunrise and sunset. The haze was unlike any 
normal atmospheric fog, for it would not dis- 
perse with changing wind or weather pat- 
terns. While's comments on the rapid spoiling 
of butchers' meat and the profusion of flies 
are graphic evidence of the increased tem- 
perature. All of these observations are some- 
what unexpected because the Laki eruption 
does not fit the current idea of how volcanic 
eruptions influence climate. Considerable at- 


nomenon did occur. If the eruption or 12 
km 3 of lava flows produced such noticeable 
atmospheric effects the relatively rapid erup- 
tion of the thousands of cubic kilometers of 
Columbia River basalts about 15 million years 
ago may have had a more profound effect. Is 
it possible that the colder and drier period 
front 14 to 12 million years ago that .Axelrod 
[1981] ascribed to explosive volcanism was 
really a climatic result of the eruption of the 
Columbia River basalts? We do not know; 
but, dearly the Laki eruption is important for 
understanding at least brief climatic varia- 
tions, and it may provide insight into possible 
long term effects. Renewed study of the Laki 
eruption, its products (especially the volume 
of tlie tephra layer), and its atmospheric ef- 
fects are of first importance. Two hundred 
years after the fact Is not too late to start. Gil- 
bert White's delightful letter on the “amazing 
and portentous" summer of 1783 could be 


eruptions influence climate. Considerable at- and portentous summer oi i too count dc 
mospltcric cooling and sunset glows following the first step in the geological and literary in- 
the eruption of Krakatau led to ihe idea that vestigation oF an extraordinary event. 


Two hundred years ago, White [1977], a 
vicar in the small village of Selhorne, En- 

S land, noted n peculiar haze or smokey fog 
tat dulled xhe sun hut intensified the sum- 
mer heal. Tire source of the haze was un- 
known to White. However, the haze source 
was correctly inferred by his more renowned 
contemporary, Benjamin Franklin, as being a 
large eruption at Laki, Iceland. White's little 
known observations of (he haze provide de- 
tails that prompt questions concerning cur- 
rent models of volcano-climate interactions. 

Although the eruption that caused the liazc 
was the largest outpouring of lava in historic 
lime, volcanologists have been slow tit study 
it. Must of what is known cutties from a pre- 
liminary report by Thmariiuson [I9i>9], the 
Idle dean of Icelandic volcanologists. Thorar- 
insson pieced together the sequence uf events 
from field mapping at l-aki and analysis of 
con tempi nary Icelandic documents describing 
the crupliim. Following a week uf eaitli- 
i|iiukes, an eruption begun on June 8, 1783, 
near the itioitniain ol laiki in southeast Ice- 
land. Oter the next K months, a 25 km line 
of explosion ti, tins and fissures (toured out 
more than 12 km 1 of lava sis well as procli- 
guns volumes of C.Oz and Si b. These gases 
directly led to ilie worst famine in belauds 
history, by stunling die growth ut jWsturuRC 
and resulting in the death hy starvation of 
50 f ,S of the island's cattle, 79'! uf (he sheep, 
7<ift of (lie horses, and 24‘c of the people. 

It was probably IL-SOi aerosols from Laki 
that caused (lie haze commented on by both 
White and Franklin. During the summer of 
1 783. the haze ultimately spread (u Europe, 
Asia, and even Africa. Similar, atmospheric 
phenomena followed the eruptions of Tam- 
bora in 1815, Krakatau in 1883, and. to a ■ . 
lesser extent, El CliRtidn in 1982. Accounts 
of ihe effects and dispe.rslcm of such fogs are 
valuable because ihey tan lead ut a' belter .un- 
derstanding of atmospheric circulation pal-; 


ash columns from large explosive eruptions 
implant immense quantities of sulphuric acid 
aerosols in the stratosphere. These submi- 
crou-size droplets absorb incoming solar radi- 
ation, iintl thus warm die stratosphere, de- 
priving the lower atmosphere of a portion of 
the sun's heat. Measurements show that air 
temperature averages h.2°- 0.5°C lower than 
the normal for 1-5 years following major 
eruptions [ Self el ai, 1981], and lower tem- 
peratures have been common in North 
America the 2 years since the El Chichdn 
eruption. For (fiis process to work, the aero- 
sols must rise into (or form in) the strato- 
sphere; otherwise, rain would wash acid 
droplets out of the lower atmosphere. Thus, 
a cataclysmic explosion, like that of Krakatau 
or Tambora, is nil effective mechanism tu em- 
place volcanic ash and aerosols high in the 
upper atmosphere where they ran he quickly 
dispersed by stratospheric winds over large 
areas of the earth, causing widespread atmo- 
spheric effects. 

The Laki event docs not fit this explosive 
pattern. The eruption was dominated by the 
stead v effusion of lava flows, with only minor 
explosive activity producing a tephra deposit 
of 0.85 km 3 [Thorarinsson, 1969]. The meteo- 
rologist Lamb [1970] inferred that the ash vol- 
time must have been 10 times larger to ac- 
count for ihe pronounced atmospheric ef- 
fects, but, actually, Thorarinsson seems to 
have overestimated the true volume (S. SelF, 
personal communication, 1983). Thus, we are 
left to conclude (as did Sigurduon [1982]) that 
nonexplosive eruptions of sulphur-rich lava 
flows may have as strong an effect on the at- 
mosphere and climate as do cataclysmic ex- 
plosive blasts. Additionally, 1 summized that 
the HaSOr needed to produce the character- 
istic atmospheric effects associated with volca- 
nism either does not have to be in the strato- 
sphere or it can be injected there by less dra- 
matic processes than explosive volcanism. 

The second alternative is possible, for mixing 
across the tropopause does occur such that 
the total mass of the lower stratosphere is re- 

f tlaced by tropospheric air every 1-2 years 
F/oAn, 1969]. Thus, some SO* from Laki 
might have entered the stratosphere by nor- 
mal atmospheric mixing. For tne Laki erup- 
tion, however, historic evidence implies that 
much of the sulphurous gases were in the 
troposphere. Lamb's [1970] note that sulphur- 
ous smells and stinging of the eyes were re- 
ported from various parts of Europe during 
(he period of the eruption demonstrates that 
there were strong concentrations of HaSOt in 
the lower atmosphere. This observation is 
further evidenced hy reports nf plant damage 
in Holland in the early weeks of the eruption. 
Lanth dntihis that the haze was in the tropo- 
sphere because it was always present and was 
not washed nut by rain. Perhaps, however, 
the continuing high rate or effusion (5000 
mVs [Thararimum, 1968]) at taki replenished 
the haze as rapidly as it settled out of the at- 
mosphere. Indeed, 809! or the total volume 
id lava (and presumably gases) spewed mu 
(luring the first 50 days of the eruption 
[ I'horarinssoH, 1969], and the strongest atmo- 
spheric effects also occurred during the same 
summer mouths; Gilbert White observed the 
haze for only l month, coinciding with the 
period of strongest activity, 

The eruption of Manna Loa that began on 
March 25, 198-1, provides a timely example of 
tropospheric transpqrt of SO* and attendem 
atmospheric degradation. According to early 
reports (L. McClelland, Smithsonian Inst,, . 
personal communication, 1984), by April 2 a 
pronounced haze extended westward from 
Hawaii at least 5300 km to Guam, and visibil- 
ity was reduced to 1.6 km at True and Wake 
islands. This extensive add dense haze was • . 
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Understanding 
Thermal Energy 
and Mass 
Transport in 
Major Volcanic 
Centers 

John F. Hermance 

An understanding of the thermal regions 
of the earth's interior and their associated dy- 
namic processes is or central importance, not 
only io basic science but to a number or na- 
tional priorities including resource and the 
mitigation of volcanic and earthquake haz- 
ards. Major thermal anomalies over large re- 
gions of the continent are associated with in- 
traplate rifts and transform Faults (e.g., the 
Sakon Trough and the Rio Grande Rift), dis- 
tributed extensions tectonics (e.g., the Basin 
and Range Province), and plate margins (e.g., 
the Cascade Range). However, it is clear that 
of all classes of volcanic phenomena within 
the conterminous United States, tha mainr In. 


he contemmo^ State,, the major in- 

lowst 51 h ,C Ca dcra COI "plexes (e.g,, Yel- 
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and govern mem policy makers, a coordinated 
research effort is being mobilized by the U. S. 
Geological Survey (USGS), the national labo- 
ratories, industry, and universities to develop 
a comprehensive understanding of the mor- 
phology and dynamic al evolution of these 
major icctoun- magmatic lea tines. Of particu- 
lar interest are questions regarding the trans- 
fer of energy and mass between magma res- 
ervoirs dec]) seated in the crust and the shal- 
lower hydrothermal systems which they drive. 

Rationale for Scientific 
Experiments in Intermediate 
and Deep Drillholes 

Insight into the dynamics of these systems 
can be achieved by iterative use of various di- 
rect and indirect measurements to refine con- 
ceptual and mathematical models. Approach- 
es used to date include extrapolation of sur- 
face geology, interpretation of surface 
geophysics, direct measurements in shallow 
and inierincdiaie-dcpili drillholes, inferences 
from fluid geochemistry, and comparison 
with fossil magma-hydrothermal systems. 

Our understanding of the total system, 
however, is limited by our inability to sample 
more than the upper and cooler parts of the 
active hydrothermal system itself. Although 
geothermal wells have been drilled to depths 
greater (ban 4 km and temperatures greater 
than 400°C, meaningful measurements are 
presently restricted lo temperatures less than 
250°C. 

Ideally, one would like to drill and carry 
out observations in the entire magma-hydro- 
thermal system, to magmatic icmperamres. 
and to depths well within the crust. Although 
perhaps possible someday, at present it seemi 
realistic to restrict our objectives to tempera- 
tures of less than 40U°C and to depths of leu 
than 4 km; in many cases this would allow 
one to study the “roots" of the hydrothermal 
systems. Direct sampling of this environment 
in rough drilling, while rcpieseuiing a diiiinct 
challenge to present technology, would repre- 
sent a dramatic impimeiiiciu in our under- 
standing ot active physio-chemical processes 
in this icgiiue u«K obtainable in any other 
way. 

information from a deep drillhole to a 
temperature of 40ll°G in a inagnia-hydrolher- 
mal system would serve a number of pur- 
poses, only four ol which are identified here. 

1. A complete characterization, Irom lop 
to bottom, of the natural hydrothermal sys- 
tem. 

2. Evaluation of concemual models for 
the evolution of the overall magma-hydro- 
thermal system in space and time. 

3. Quantitative parameterization of ener- 
gy and muss transfer mechanisms throughout 
the total system. 

4. Evaluation of interpretations from sur- 
face geophysical and geological observations. 
The drill-holi! offers an opportunity to vali- 
date and to refine surface technique* in wn 
is essentially a "calibrated" ctivinMime nl - > 
would go n long way toward optimizing p«' 
drilling exploration activities in less-siuilie 
systems elsewhere. 

Background on Potential 
Drilling Sites 

Eacli of the three young, lorge silicic 
canic complexes in the western Un . lW v. 1Iny , 
(the Valles caldera, New Mexico; die x 
stone caldera, Wyoming; and the L 0 ^ 
caldera, California) has an associated iny 
thermal system and has been s^bjccica. . 
some degree, to a wide variety of eart 
ence invesdgations, including in 5om * a 
drilling to intermediate depths (less t . 
km). However, in none of the three a 
we have direct drill-hole knowledge qt 
'- roots of the hydrothermal systems " , 
and how these hydrothermal systems 
energy from molten rock sources wit 
earth’s crust (from depths greater th 
km). A number of workers c0ncu . r . rom . 
choosing one or more of these calde . 
plexes for deep d riling, the followmg ^ 

should be considered: (1) tlie-sy* 1 ^ « ^ 
i- represent an active counterpart ot t ^ 

. dera systems; (2) a well-defined magrn 
., should be present; (3) the target *h n 
t resent a clearly defined stage in th * ay* ' 
of silicic centers; (4) a complete, 
t- set of geological, geophysical, and j ^ ^ 
ate-dep th drilling data should ext* J.*' 
nificant area of me ckldera should' 
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A preliminary evaluation of the three can- 
didate caldera systems, in terms nf criteria 
such as these, indicate that no single candi- 
date system meets them all. On the basis of 
available data, the Valles caldera might ap- 
pear to be reasonably favorable, primarily be- 
cause of the already demonstrated high-tem- 

E nature geothermal system at the Union 
aca hydrothermal site, the large amount of 
intermediate-depth drilling by industry, and 
the possibility (though not certainty) uf good 
access logisiically. However, commercial drill- 
ing in the area suggests that the required 
hole may be extremely difficult to drill be- 
cause uf the uiulerpressured nature of the 
formation. This situation may be encoun- 
tered in the other two candidate areas as well. 
Such conditions may result in poor borehole 
stability, and the hole may be Inst while drill- 
ing. Safeguarding against this exigency makes 
open-hole scientific experiments difficult. In 
turn, the need to use air or aerated drilling 
fluids increases corrosion and limits the abili- 
ty to cool downhole equipment with the cir- 
culating fluid. It must also be recognized that 
massive invasion nf cement into the forma- 
tion during cementing operations could pre- 
clude successful perforation of the zones of 
interest. In addition, the presence of cement 
could lead to contamination of recovered 
samples. These problems will cause higher 
costs and risks for these wells than for similar 
wells drilled elsewhere into hydrostatically 
pressured formations. Some of these con- 
cerns might be mitigated by drilling outside 
the Union Baca hydrothermal field on Re- 
dondo dome or elsewhere in the caldera. 

A recent workshop (Eos.. June 28, 1983, p. 
434) underscored the attraction of the Valles 
caldera as a site for continental scientific drill- 
ing since there exists a considerable back- 
ground in regional and local geology, geo- 
physics, and geochemistry. In addition, litho- 
logic, geochemical, and thermal data have 
been obtained from a number of intermedi- 
ate depth holes within and around the Baca 
geothermal field, as well as from the Hot Dry 
Rock project on Fenton Hill at a location im- 
mediately outside the caldera, where a hole 
has already been drilled to 4.5 km in base- 
ment. encountering temperatures of 32 5C. 

To supplement these data, it has been recom- 
mended that a number of intermediate depth 
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Cover. Space shuttle photograph of an 
extensive SOa plume coming from the re- 
cent eruption of Mauna Lon volcano, Ha- 
waii. Thts tropospheric plume, carried 
westward by iradewinds, reduced visibility 

0 only a few kilometers at many sites in 
tne western Pacific. Thu event was a 
small-scale version of a massive tropo- 
*P;® nc haze that blanketed Europe in 

m due to a prolonged eruption at Laki, 
Shuttle photograph S 1 3-37- 
iu U7 j ^v’oto courtesy of Charles A. 

1 NASA, Johnson Space Flight Cen- 
vro K .? u,t0n i Texas. See article in, 77« 

News entitled " Amazing and 
nirtentous Summer pf. 1788.") 


holes (on the order of I km, with one per- 
haps going as deep as S km) be drilled to bet- 
ter qualify 1 1 > the magnia-hydrothcrmaltic 
model, (2) features within the intrusive aure- 
ole of the principal magma chamber. (3) the 
stratigraphic record within the caldera struc- 
ture, or (4) the possibility of interstitial melt 
being still prcseni ai upper levels in die crust 
(i.e., above 10 km). 

Yellowstone dearly represents the most in- 
tense magmatic and geothermal anumaly in 
the conterminous United States bin is an evir- 
onmeuially sensitive area. Even for drill-holes 
dedicated to purely scientific objectives, scien- 
tists and environmentalists are concerned re- 
garding the potential hazard to geyser activity 
from any hydrologic disturbance. The CSDC 
has recently established a task group under 
the direction of Bob Fournier of the USGS in 
study these issues further and to identify 
unique scientific questions that can only be 
addressed through drilling in Yellowstone. If 
drilling is recommended for this area, it will, 
of course, be for purely scientific reasons and 
with full regard for mitigating any negative 
impact whatsoever on one nr our finest na- 
tional parks. 

The thermal regime beneath Long Valley 
caldera is clearly dominated by hydrologic 
factors; unfortunately, however, unlike the 
case for the other two caldera, the hydrother- 
mal system does not appear to have high 
temperatures at shallow levels. This in itself is 
a paradox and poses some intriguing scien- 
tific questions. Both geological and geophysi- 
cal field evidence suggests the presence of a 
molten magma system at depths of only 8-10 
km. Moreover, geochemical indicators sug- 
gest that the thermal waters, although now 
relatively low temperature, have derived 
from reservoirs where temperatures were as 
high as 2I0*-280*C. 

In addition, recent tectonic deformation, 
seismicity patterns, and the reactivation of fu- 
marolic activity, caused the USGS to issue, on 
May 25. 1982. a notice that a potential vol- 
canic hazard exists for the south western seg- 
ment of Long Valley caldera. If, ns has been 
proposed, magma has intruded the npper 
crust oi this area, surface geophysics in con- 
junction with butehulc observations may be 
employed in monitor tectonic and magmatic 
activity associated with such a phenomenon. 

Ail additional I actor tu consider in the 
Long Valiev area is that several young vulcan- 
ic systems (Invn. Mnnn. and Cuso). which 
may he in a pre-caldera stage id evolution, 
exist along the eastern Siena hunt nearby. 
Studying several of these geologically i elated, 
but geographically separated, caldera systems 
at various stages in theit evolution offcis dis- 
tinct advantages over concentrating studies 
within a single member ul these siIkk cum- 
plexes. Di restricting studies tu ,i single sys- 
tem, it may lie difficult lo sort out various 
stages of geologic overprinting which occurs 
as these complexes evolve. 

Research Needs 

One of the major problems in designing a 
long-term drilling program and assigning 
drilling priorities in young silicic calderas is 
that the data sets on which site selections are 
based arc not presently comparable for the 
three areas. Therefore, as a prelude to a 
deep drilling (i.e.. greater than 4.0 km) at any 
site, a program of intermediate-depth drilling 
(1.0— 1.0 kin), needs to be carried out imme- 
diately in conjunction with geological, geo- 
chemical. ana geophysical field studies at the 
surface in several of the candidate areas. 
These investigations, along with theoretical 
modeling of physical processes, will enable 
the long-term drilling objectives to be identi- 
fied more closely. Neither the scientific ratio- 
nale, nor the cost effectiveness of drilling ver- 
sus amount of information recovered, have 
been articulated in terms of specific physio- 
chemical models for this class of system. For 
example, it is not completely dear what phase 
of ihe evolutionary history of a magma-hy- 
drothermal system needs to be drilled for 
greatest understanding- Do we drill a young 
system in an early stage of development to 
determine the initial evolutionary conditions, 
or do we drill a mature system in a late stage 
of development? What is the basis for decid- 
ing between one hole going to great depth 
(10 km?) in a single system or a number of 
intermediate-depth holes drilled into a single 
system or a number of holes drilled into sev- 
eral systems at various stages of develop- 
ment? It is dear to most workers that to ad- 
dress these issues, geophysical and geochemi- 
cal field studies, along with a program of 
intermediate-depth drilling (1-4-0 km), need 
to be intensified in these areas immediately in 
order to determine which of these systems 
have identifiable magma chambers and to 
characterize as closely as possible die gross 
features of their hydrothermal systems. 

It is equally clear that the best way to 
achieve this is to let the science continue to 
evolve within the interdisciplinary, niultwnsii- 
ludonal framework which nas developed 
quite naturally. The role of the agendes— 
the National Science Foundadon, the USGS, 
Department of Energy, and Department of 
Defense— should be to minimize the artifi- 
cial, though sometimes real, obstruction of 
good science by institutional boundaries. We 
should get on with the business of having sci- 
entists talk to scientists regardless of the , 
agency which actually funds Individual pro- 
jects. : 


Groundwater 
Transport : 

Handbook of 

Mathematical Models (1984) 


Waier Resources Monograph Series 10 

l. Javandcl, C. Doughty, and C. F. Tsang, Editors 
240 pages ■ soft bound • Illustrations 


$16 


Wriiien In a dear style, dlls work reviews, selects, and demonsi rales 
ihe hesi and most practical maihcnunicjL)] mot lels io predict the extern 
of groundwater subsurface com amine H Lon. Primary emphasis Is given 
in ihc use ofsimi >lc formulas and comprehensive tables, resulting In a 
readily usable guide In ihe field. 

30% Discount io AOU Members 
Call: 800-424-24-88 

(202) 4(>2-iiOU3 {local PC area or out side contiguous USA) 

Write: American Geophysical Union 

2noo l-'lorklii Aw.. N.W. 

Washington. ! 2( idOU 

Orders under sso musi be prepaid 

BL FB OB 


Acknowledgments 

Many of the ideas presented licic have 
evolved through discussions with my col- 
leagues on ihc Thermal Regimes Panel of the 
CSDt: and elsewhere. In particular 1 am 
grateful for the imcraciiun I have had with 
Patrick Muffler, Uuh Dcckci, Dick Dondan- 
villc. Hugh Tavlnr. John Sass. Sam Varnado. 
Terry Gcrlach. Harry (lattice, John Culp, 
and Bill Lmh. Although I have gleaned ideas 
from ihc.se and other sources, the comments 
presented lime are not in be uken as an "Hi- 
cial position nl the OS DC nor of ihe National 
Academy Siieiw.es. 

John F. I lermaiite » with the Department of 
Geological Sciences, Hi own University, 1‘rm'idruce, 

R.I. 


News & 

Announcements 

IAVCEI Working Group 
on Explosive Volcanism 

The working group (W.G.) will address ba- 
sic problems and unanswered questions in the 
realm of explosive volcanism and its prod- 
ucts. Its primary functions are ihe organiza- 
tion of field and laboratory consortia, formal 
meetings, and the editing or special publica- 
tions. Through these means we propose to 
stimulate research and communication on ex- 
plosive volcanism. 

The W.G. lias three main areas of interest: 

(1) pyroclastic deposits, including character- 
ization, stratigraphy and tephrochronology; 

(2) eruption mechanisms nd eruption dynam- 
ics, including geochemical and geophysical 
studies, modeling of volcanic systems and de- 
positional processes, and fluid dynamics 
(much of mis work can be applied to volcanic 
hazard analysis); and (3) interaction of explo- 
sive eruptions and the atmosphere. 

History. Under sponsorship of the Interna- 
tional Union for Quaternary Research (IN- 
QUA), a Commission on Tephra existed until 
August 1982, with the late Sigurdur Thorar- 
insson as Honorary President. The Commis- 
sion had reached its goals or communicming 
the utility of tephrochronology and teplira 
studies to the scientific community. It sup- 
ported publication of a World Bibliography and 


studies to the scientific community. It sup- 
ported publication of a World Bibliography and 
Index of Quaternary Tephrochronology [H'w/galf 
and Gold . 1974] and a meeting held in Ice- 
land In 1980 [Self anti Sparks, 1981]. 

Realization that research on explosive vol- 
canism was rapidly expanding let! the then 
secretary of die INQUA commission to pro- 
pose that some members of the disbanded 
commission serve as a nqclctts for a Working 
Group on Explosive Volcanism within the In- 
ternational Association of Volcanology and 
Chemistry of ihe Earth's Interior (IAVCEI). 
A proposal for creation of a working group 
was submitted to the IAVCEI Secretariat at 
the IUGG meeting in Hamburg, August ! 
1983. The IAVCEI Executive Committee of- 
ficially approved adoption of the W.G. at ihe 
Hamburg meeting. t 

The W.G. has a rotating membership, wph 
25 members and 35 corresponding members. 
Membership will change lo reflect the aciiyi- 
(ies. being undertaken. . 

Activities to rftfto. . Since formation of the 
W.G.,it has met one oFits goals in the Kraka- 
tau Symposium on Calderas and Associated 


Volcanic Rocks, held at the 1983 AGU Fall 
meeting and through publication uf an up- 
coming special issue ufJGR mi the same sult- 
jeet. 

Future events with strong participation of 
the W.G. include (ha workshop >»n blast de- 
posits. to he held at Mount St. I [dens in Au- 
gust 1984 and (2) symposia, held trips, and 
put ilital inns <m problems in plireatomagmatk 
volcanism. in be held m the li'Hii IAVCEI 
meeting in New Zealand. Other topics nl in- 
terest, with no sped lied activities ni this time, 
include Held workshops on submarine silii ii. 
volcanism, compinci umdelmg ol eruption 
phenomena, eruption phenomena associated 
with kimberliics. and the ellcus of explosive 
volcanism on agric.ii I line, health. Lununcrcc, 
and energy issues. 

Furihei ideas lot held workshops, topics 
lor Miulv. and meetings are welcome, li von 
have opinions on the subject, need inlorma- 
linn on ihc W.G.. or wish to join as a member 
or corresponding member, please contact ei- 
ther Wolfgang Elston, Secierary, Geology De- 
partment. Universiiy uf New Mexico. Albu- 
querque, NM 87131. or Gram Heiken, W.G. 
leader. MS D462. Los Alamos National Labo- 
ratory, Los Alamos. N\1 87545. 
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Meetings 

Volcanic Blast 
Workshop 

A workshop on Blast Eruptions and Depos- 
its, Mount St. Helens, Wash., will be held Au- 
gust 13-17, 1984. Sponsors: IAVCEI work- 
ing group on Explosive Volcanism nnrl Its 
Products and USGS CVO. (Michael F. Sheri- 
dan, Volcanic Blast Workshop, Department 
of Geology, Arizona State University, Tempe, 
AZ 85287 (telephone; 01)2-985-3760). 

The major emphasis of the workshop will 
be to examine and discuss the products of the 
May 18, 1980, “blast" of Mount .St. Helens 
and related eruptions. The tonics of the tech- 
nical sessions include terminology, theoretical 
aspects of blasts, eruptive phenonicnuitulogy, 
characteristics of blast de[xisil5, and volcanic 
risk of bla$t eruptions.. Following die work* 
shun, excursions will be made to one or more 
or tiie Cascade volcanoes. 

Participation lit the workshop will be limit- 
ed to about 50 people who have an active re- 
search commitment .to the understanding of 
“blast" phenomena and deposits, People who 
would like to attend should submit a one 
page application letter with a statement indi- 
cating their past (or projected) research inter- 
est in "blast" phenomena or deposits. About 
)0-15. papers on the main topics of the work- 
shop will be invited for. presentation. Most of 
these papers will be collected into a volume. 
Tor publication. Funding will be sought to 
support five or six students and an equal 
number of foreign scientists. All others must 
support their attendance through their 'own 
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end ol‘ May. Nevertheless, levels were gener- 
ally higher than long-term averages I nr the 
month. 

Tang said stir facc-wate r storage was at or 

above average at must reservoirs. The New 
York City water-supply reservoirs on ilic Del- 
aware River wen* at l(KKr of c;qjariiy, as 
were Connecticut reservoirs at Bridge port, 
Marl Turd, Stamford, and Waierlmry. In Ari- 
zona, the combined contents or Lakes Mead 
and Mohave were 'A‘2% iiizovc average; die 
Salt- Verde Reservoir System was 55 c ,t above 
average; and the San Carlos Reservoir mea- 
sured 253% above average. In California, 
combined contents of 10 index reservoirs 
were 5% above average. In Oklahoma, con- 
tents of five of eight major lakes were above 
average for May. 

In cooperation with nearly HOD federal, 
state, and local agencies, the USGS routinely 
gathers data on the quantity and quality of 
the nation's sur face-water and ground water 
resources at more than 45,000 stations across 
the country. 

Following tire additional details of the 
USCiS cheek of the nation's water resources 
in May: 

Five Large Rivers: Average Hows of the so- 
called “nig Five” rivers were Columbia River 
at The Dalles. C)rc., 223 billion gallons per 
day (hgd), up 30% from April and 10% be- 
low the long-term May average; Mississippi 
River at Vicksburg, Miss., 034 hgd, 72% 
nlxivc average anil 10% greater than the flow 
in April; St. [.awrcitre River near Massenu, 
N.Y., 108 hgd, a rise of 0% over April iind 
10% more than the intuit lily average; Ohio 
River at Ijiuisvillr, Ky., 144 hgd.tiOft greater 
than the long-term monthly average and a 
25% dec line from the previous inniiih; and 
Missouri River at Hermann. Mo., 133 hgd, 
123% above the usual May How and down 
21% front April. 

Cainnet'itciii; Above-average si ream flows 
occurred across the stale, with major Hoods 
on the Connecticut and I lousiiumc rivers 
with recurrence intervals of 50-60 years 
{likely to occur only twice a century on the 
long-term average). Near historic highs were 
set oil Burlington Brook and the Punt porting 
River. 

New York: Flows uf all streams monitored 
by the USGS tanged from above average into 
the upper 25 r f uf icuml throughout the 
stales. Flows of many small streams were 2-3 
times larger than average. Heavy mins May 
28-31 ouiscd floods responsible for four 
deaths and SI. 5 million in damage. 

Idaho: Flow uf the Snake River at Weiscr 
was in the upper 25% of norni.il for the 23rd 
consecutive month. The average daily How of 
39.6 bgd was n new high since records began 
at the index station in 1916. Runoff from the 
record suowpack caused reservoirs to fill rap- 
idly and irrigation storage increased 1 1-15%, 
to nearly average for the month. 

Utah: Floods and flood threats declined to- 
ward the end of the month. They had come 
about as a result of significant increases of 
st ream flows within the well-above-average 
range. The seven index stations recorded 
st ream Rows 2.5 limes larger than the 30-year 
average. The Colorado River at Cisco, Utah, 
reached 44.2 bgd May 27, the highest flow 
since 1917. The recurd-high average flow for 
the entire month was 27 bgd, which was 
more than 3 times greater than usual for 
May. 

The Great Salt Lake rose more than 8 
inches during the month, to an elevation of 
4,208.8 feet above sea level, about 2 feet 10 
inches below the recorded maximum eleva- 
tion or 4,2 1 1 .6 feel in 1 873. Flow of the Sur- 
plus Canal at Salt Lake City reached a re- 
cord-high of 2.66 bgd June 1, the highest 
since records began at the strcamllow station 
41 years ago. (Map courtesy of USGS, Res- 
ton, Va.1 


Recent Ph.D.’s 

Ear periodically lists information on recent- 
ly accepted doctoral disser tut ions in the disci- 
plines uf geophysics. Faculty members arc in- 
vited to submit the fallowing informal inn. on 
institution letter he.itl, almve the signature of 
the family advisor or department chairman: 

(1) the dissertation title. 

(2) author's name, 

(3) name uf the degrcc-g ranting depart- 
ment and institution, 

(-1) faculty at Ivin ii, 

(fij month and year degree was awarded. 

If possible, include the am uni address and 
tele pit nu e number uf the degree recipient 
{this in formal inn will not be published). 

Dissertations with' order mi miters, uud 
many uf the others listed, are available from 
University Microfilms International, Disserta- 
tion Copies, P.O. Box 1764, Ann Arbor, Ml 
48100. 

Nntse Analysis for Conventional and Remote 
Reference Magnetatelluric Data . J. A. Stcxlt, 

Den. of Geology and Geophysics, Univ. of 
Utah, December 1983. 

Numerical Simulation uf the Uillslabe Runoff 
Praeesm, C. B. Burke, Sell, of Civil Eng.. Pur- 
due University. May 1983. 

Numerical Studies of Mesoscale Eddies Using ; 
Qimsigeostraphic and Primitive Equation Ocean .. .. 


Models. M. L. Baiieen, Dep- of Atmosph. Sci.. 

Ore. State Univ., June 1984. 

Part l—Htal transfer, seismicity and iniraplate 
deformation in the central Indian Ocean. Part 
U— the transition between the Sheba Ridge and 
Owen Basin: rifting of old oceanic Utkosbere, C. 

G. Stein, Dep. of Geolo. Sci., Columbia Univ., 
January 1984. 

Petrology and Geochemistry of Okmok and 
Wrangell Volcanoes, Alaska. C. J. Nye. Univ. of 
Calif., Santa Cruz, June 1983. 

Response of Blue Glacier to a Perturbation in 
fee Thickness: Theory and Observation, K. A. 
Eclielmcycr, Seismolngicat Lab., Djv. of Geo- 
logical and Planetary Sciences, Calif. Inst, of 
Tech., April 1983. 

Rheology and mhmlrvclum of experimentally 
deformed quartz aggregates, P. S. Koch, Dep. of 
Earth and Space Sciences, Univ. of Calif.. De- 
cember 1983. 

Seismicity and Crustal Structure Studies of 
Southern California: Tectonic Implications from 
Unproved Earthquake Locations, E. J. Corbett, 
Seismological Lab., Div. of Geological and 
Planetar)' Sciences, Calif. Inst, of Tech., Janu- 
ary 1984. 

Silicic Volcauism at Twin Peaks, West-Central 
Utah: Geology and Petrology, Chemical and Physi- 
cal Evolution, Oxygen and Hydrogen Isotope Stud- 
ies, H. R. Crecraft, Dep. of Geolo. ana 
Geophys.. Univ. of Utah, March 1984. 

Same Aspects uf the Coupling between Fluid 
Flaw and Deformation in Porous Crustal Rocks, J. 
S. Walder, Dep. of Geophys., Stanford Univ., 
April 198-1. 

Sorption and Sedimentation as Mechanism of 
Trace Metal Removal, K. J. Farley, Dep. of Civ- 
il Eng., Mass. Inst, of Tech., June 1984. 

Strain Release along Oceanic Transform Faults, 
L. M. Stewart, Dep. of Geolo. and Geophys., 
Yale Univ., December 1983. 

Stress Corrosion and Crack Propagation in 
Sioux Quartzite, L. Peck, Dep. of Geology and 
Geophysics, Yale Univ., May 1982. 

Structure and Evolution of the Large Scale So- 
lar and Heliospheric Magnetic Fields, J. T. 
Hoekscma, Dep. of Applied Physics, Stanford 
Univ., April 1984. 

Structure of the Himalayan Suture Zone of Pa- 
kistan Interpreted from Gravity and Magnetic 
Data, L. L Malinconico, Dep. of Earth Sci., 
Dartmouth College, Hanover, NH., 1982. 

Systematic jointing in the Cardium Sandstone 
Along the Bow River, Alberta, Canada, C. Bar- 
ton, Dep. of Geology and Geophysics, Yale 
Univ., December 1983. 

Strain Release Along Oceanic Transform Faults, 
L. M. Stewart, Dep. of Geology and Geophys- 
ics, Yale Univ., December 1983. 

Tfleseismic Array Analysis of Upper Mantle 
Compression/]! Velocity Sitvclure, M. C. Walark, 
Seismologk.il Lab., Div. of Geological and 
Planetary Sciences. Calif. Inst, of Tech., No- 
vember 1983. 

The Analysis of Shallow Refraction Seismo- 
grams, P. J. Hatherly, Cent, for Geophys. Ex- 
plor. Research, Macquarie Univ., Australia, 
May 1984. 

The Consequences and Controls of Bacterial Sul- 
fate Reduction in Marine Sediments,]. Westrich, 
Dep. of Geology and Geophysics, Yale Univ., 
May 1983. 

The Dynamics of Orographic Rain with large 
Latent Heat Release, Yuh-Lang Lin, Dep. of 
Geology and Geophysics, Yale Univ., May 
1984. 

The lo Plasma Torus: Its Structure and Sulfur 
Emission Spectra, R. J. Oliversen, Phya. Dep., 
Univ. of Wis., September 1983. 

The Marine Geochemistry of the Rare Earth Ele- 
ments, H. J. W. De Baar, Mass, of Inst, of 
Tech., February 1984. 

The Relationship of Small Eartluiuakes to Strain 
Accumulation Along Major Faults in Southern 
California,,]. C. Pechmann, Seismological 
Lab., Div. of Geological and Planetary Sci- 
ences, Calif. Inst, of Tech., March 1983. 

The Shear Wave Velocity Structure tn Northern 
and Central California, A. R. Levander, Dep. 
of Geophys,, Stanford Univ., April 1984. 

Trace Elements and Radionucliaes in the Con- 
necticut and Amazon River Estuary, E. P. Dion, 
Dep. of Geology and Geophysics, Yale Univ., 
December 1983. 

Uplift and Cooling History of the NW Himala- 
ya, Northern Pakjshm— Evidence from Fission- 
Track and ,\tP*At Cooling Ages, P. K. 
Zeitlcr, Dep. of Earth Sci., Dartmouth Col- 
lege, Hanover, NH, 1983. 

WadeiMter Injection: Near-Well Processes and 
Their Relationship to Clogging, J. A. Obcr- 
dnrfcr, Dep. of Geolo. and Geophys., Univ. 
of Hawaii, Mny 1983. 


In Congress: 

Legislative Update 

For additional information mi these bills, nuu.iit the sponsoring Member of Congress or 
committee indicated. All congressional and conn nit tee nil ices may he i cached by 
telephoning 202-224-3 121. For guidelines on writing t«* a Member nr Congress, refer to 
AGU’s Guide to Legislate Information and Contacts (Eos, April 17, 1984. p. 159). The last 
Legislative Update was published in the May 8 Eos.—BTR 


ARCTIC RESEARCH AND POLICY ACT, I ML «!« (Young. 
R-AUsfal and S. 373 (MurkomU, R-Alaska), mniM provide 
comprehensive national policy dealing with national needs and 
objectives in Arctic and would provide a centralized system for 
collection and retrieval of scientific data, establish priorities, and 
provide financial support for basic mid applied m ientilic re- 
search. The House passed an amended version of the Senate 
bill, so S. 373 has been sent back 10 the Senate tor approval of 
those House amendments before die bill is sent lo President 
Reagan for his signature. 

COASTAL ZONE MANAGEMENT CONSISTENCY ACT, 

H.R. 4589 (D’Amoun. D-N.H.) and S. 232-1 (Pack wood, R- 
Oreg.), would amend the Coastal Zone Management Act of 
1972 to make federal activities conducted in die coastal zone 
consistent, to "the maximum extent practicable," with approved 
state management programs. Subcommittee on Oceanography 
of House Merchant Marine and Fisheries Committee reported 
H.R. 4389 to full committee on May 3, 1984. S. 2324 was re- 
ported out of the Senate Commerce. Science, and Transporta- 
tion CommiilceJune 13, 1984. 

EXCLUSIVE ECONOMIC ZONE IMPLEMENTATION ACT, 
H.R. 2061 (Breaux, D-La.) and S. 750 (Stevens, R-A1aska), 
would Implement 200-milc EEZ adjacent to the U.S. territorial 
sea. Would also set forth U.S. policy on development and use of 
the natural resources and ocean floor. H.R. 2061 referred to 
House committees on Foreign Affairs, Interior and Insular Af- 
fairs, Merchant Marine and Fisheries, and Ways and Means. S. 
750 referred to Senate Committee on Commerce. Science, and 
Transportation. 

EXPORT ADMINISTRATION ACT AMENDMENTS, H.R. 
3231 (Bonkcr, D-Wash.) and S. 979 (Heinz, R-Pa.), defines re- 
strictions on the export of scientific and technical information. 
House passed its bill Oct. 27, 1983, and sent it to the Senate; it 
is on the legislative calendar there. S. 979 passed the Senate 
March 1, 1984, and passed the House March 8, 1984. Confer- 
ences to iron out the differences were held April 12, May 3, 

May 22, June 14, audjunc 19, 1984. 

LAND REMOTE SENSING COMMERCIALIZATION ACT 
OF 1984, H.R. 5155 (formerly H.R. 4836) (Fuqua, D-Fla.) and 
S. 2292 (Gorton, R-Wash.). aims lo establish a system to pro- 
mote the use of land remote-sensing satellite data. Asserts that 
the private sector is best suited to develop land rcmotc-icnsing 
data markets and that cooperation between the federal govern- 
ment and tire private sector should be initiated now to assure 
continuity of data and U.S. leadership in land remute sensing. A 
fully commercialized system should be phased in gradually, ac- 
cording to the bill. The Senate passed an amended version «f 
the House bill, so H.R. 5155 has been sent back la the House 
for approval of those Senate amendments before the bill is sent 
to President Reagan for his signature. See story in upcoming 
Ecu. 


Senate 

Passed 

June 27, 19HS 


House 

Passed 

April 24, 1984 


Awaiting Hunt 
action 


Awaiting com- 
mittee action 


Hearings to 
be scheduled 


Hearings to 
be scheduled 


In conference In conference 


Passetl 

June 8, 1984 


Passed 

April 9. 1984 


MINING AND MINERAL RESOURCES RESEARCH INSTI- Tt. 
TUTE PROGRAM, H.R. 4214 (McNulty, D-Ariz.) and S. 2186 mi ! 
(Warner, R-Va.), would authorize funds for the establishment of dnr 
mining and mineral resources research institutes in each slate. 

Under the aegis or the Department or the Interior, each state 
would plan and conduct research and demonstrations and 
would train mineral engineers and scientists. Passed House 
April 9. 1984. Senate Energy and Natural Resources ordered 
that the House bill override the Senate bill. 


Tn la- scheduled Passed 
on Senate calcn- April 9, 1984 


Awaiting fur* 
liter commit- 
tee action 


Geophysicists 

B. Clark Bttrchfiel, professor of geology at 
the Massachusetts Institute of Technology, 
was recently elected to the American Acade- 
my of Arts and Science. 

Hant M. Mark, deputy administrator Hi the 
National Aeronautics and Space Administra- 
tion, will leave his post to become chancellor 
of the University of Texas system effective 
September I, 1984. Mark became deputy 
administrator 3 years ago. Previously, he had 
been Secretary of the Air Force from July 
1979 until February 1981. and Undersecre- 
tary of the Air Force from 1977. No perma- 
nent or temporary replacement has been ap- 
pointed yet, according to a NASA spokes- . 
man. The president must nominate. a 
successor, arid the Senate jnust confirjn the - 
appointment. 1 ; . 1 '' . ■. , • f 


NATIONAL OCEANIC AND ATMOSPHERIC ADM INIS- Nn companion Awaiting fur- 

TRATION ORGANIC ACT, H.R. 3381 (Forsythe, K-N.J.), bill liter commit- 

would establish NOAA as an Independent agency and as the tec action 

agency primarily responsible for providing oceanic, coastal, aiul 
atmospheric services and supporting research {/•>, Sept, fi, 

1983, p. 557). Would also establish procedures ui avoid duplica- 
tion of effort in these fields among government agencies. Re- 
lerredio two subcommittees of House Men ham Marine and 
Fisheries Committee and one of House Committee on .Science 
and Technology. Several other bills that would establish a De- 
partment of Trade also call for making NOAA u separate agen- 
cy* Merchant Marine Committee reported the bill out of com- 
mittee April 10, 1984. 

NATIONAL OCEANS POLICY COMMISSION ACT OF Awaiting com- Passed 

1983, H.R. 2853 (W. Jones. D-N.C.) and S. 1238 (Hollings, D- inittee action Oct. SI, 1983 

S.C.), would establish a 15-mcinber commission ihnt would de- 
velop recommendations for Congress and the President on a 
comprehensive national oceans policy. S. 1238 referred to Sen- 
ate Commerce. Science, and Transportation Commillcc. _ 

PEER REVIEW REAFFIRMATION, H.Con.Rci. 257 (Sensen- No companion Awaiting cotn- 

brenner. R-Wisc.J, would reaffirm "the commitment of the Con- bill mince action 

5 re .” 10 nw *^d Federal funds for scientific research projects and 

facilities solely on the basis of scientific, merit as determined bv a 

neer review process." Follows attempts by several universities to 

by pass peer review (Eos, January 3. 1984, p. 1). Referred lo 

House Science and Technology Committee. (A concurrent reso- 

Union Is used io express principles and policy.) 

SCIENCE AND MATHEMATICS EDUCATION, H.R. 1310 Awaiting fur- 

on? s - 1285 (Hatch, R-Utah). H.R. 1310 alio- ther floor action March 2. 1984 
mi,l > on [or rnathematics and science education in fis- 
cal 1984 (Eos, Much 22, 1983, p. 1 14). Senate bill, which also • • 

would authorize 3425 million, was reported out of the Senate 
Labor aiul Human Resources Committee May 10, 1083. The 
Senate debated Us bill on the floor on June 8, 1984, but did not 
complete action. 
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No companion Awaiting coin- 
bill miiiec action 


SEVERE STORMS ADVISORY COMMITTEE ACT, H.R. No com pan k* 
■ 207 (Hammcrschnitdi, R-Ark.), alms to assure dial forccasdng bill 
Bo^rnmenl agencies is coordinated for 
maximum benefit. V, mild establish a committee of no more 

h 2l ‘ ba ‘ WoM reco j nm «nd new programs, assess 

® nd recommendations Tor 
S d f iwlinology developments into the operation- 

257 < SlcVfns , R-Alaskn), Passed 

the Oct"? £ TjlV^' W ,t C H Car ° f JUnC8 ’ 1984 

Cotnmlucc on Post Office and <5vil sinScc. ^ H ° W 


No companion A widllng re^ 1 
bill mittee acd° n 
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Role of Water in Urban 
Ecology 

H. Hengevelil and C. De Vocht (Eds.), Else- 
vier, New York, 1982. 

Reviewed by Neil S. Grigg 

This volume is a report on a symposium on 
the role of water in urban ecology held in 
Amsterdam in August 1979. The second in- 
ternational environmental symposium of the 
Koninklijke Nederiandsche Heide Maatschap- 
pij (Royal Netherlands Land Development 
Society) was cosponsored by the International 
Association For Ecology (I NT ECO L) and El- 
sevier Scientific Publishing Company with 
proceedings published in a special edition of 
the journal Urban Ecology, volume 6, pp. 1- 
362, from which this volume is reprinted. 

Although there are contributions from a 
fairly wide cross section of scientists interest- 
ed in the tonic, the editors have done an un- 
usually goou job of integrating diverse mate- 
rial into a comprehensive volume. Experts 
from a wide cross section of disciplines, geo- 
graphical and language areas were asked to 
contribute materials on the symposium 
themes whi.ch were explained in advance in a 
short paper by the editors. During the sym- 
posium week, one comprehensive draft text 
was discussed rather than using individual 
papers. This procedure provided the oppor- 
tunity from the beginning to create an inte- 
grated volume rather than a collection of dis- 
parate parts. 

The volume is organized into three parts. 
First is an introducuon to the theme of urban 
ecology and the influence of water. Then 
there are background chapters explaining the 
urban water aspects, the human aspects, the 
urban ecological aspects, water management 
and development, and planning in urban ar- 
eas. They are followed by four chapters with 
case studies: one relating to the design of bal- 
ancing lakes in the new town of Milton 
Keynes, England; a second relating to water 
in the new towns in the Ijsselmecrpolders of 
The Netherlands; a third case study or water 
lessons from Los Angeles; and a fourth, a 
carrying capacity case study in Sanihcl. 

The term urban ecology refers to the eco- 
system viewpoint whcie the city is as much a 
biological organism as it is a physical orga- 
nism. Recognizing the complexities of the 
physical, biological, and sodu-pnliiual compo- 
nents of urban ecology, the organizers of the 
symposium sought to restrict the discussion 
by focusing on water. The result of the sym- 
posium (and of the volume) is summed up by 
the editors when they state that few pans of 
the document can be used as a manual and 
that most parts have the nature of an inino- 
ductory text. The text docs not give, accord- 
ing to die editors, new factual knowledge for 
the specialist, but attempts to review and in- 
terrelate information from difTercni disci- 
plines. In other words, it is an interdisciplin- 
ary view of a very complex set of problems. 
Most who have dealt with interdisciplinary ef- 
forts recognize the difficulties and shortcom- 
ings in trying to advance the stalc-of-t lie-art 
in any one area in a way that is scientifically 
satisfying. Because of this dilemma, the con- 
tribudons of this volume arc in the integra- 
tion of subject matter rather than in advanc- 
ing the state-of-the-art at the frontiers of 
knowledge. 

The volume could be especially useful lo 
those who seek to understand the urban eco- 
system approach and the relationship with 
water resources. For example, die first chap- 
ter explains the interrelationships of water 
and human settlements and covers some of 
the background and development of urban 
ecosystem concepts. 

Chapter 2 reviews the urban hydrological 
cycle and hydrological effects of urbanization 
jtnd gives an international perspective of ur- 
ban hydrology that might be seen as a litera- 
ture review of the hydrological effects of ur- 
banization from a broad point of view. 

Chapter 3 covers the human aspects of ur- 
ban water systems, a topic which nas not been 
described in much detail In the engineering 
literature. This chapter includes a good dis- 
cussion of the intangible aspects of economic 
analysis applied to urban water problems with 
a discussion of wants and needs, socio-eco- 
nonne thresholds, and willingness to pay and 
general psychological aspects of urban water 
utilization by humans in cities. This kind of 
information is very useful to managers and 
Planners in understanding the* in tangible as- 
pects oF urban planning. 

Chapter 4 covers nature and water in ur- 
°an ecology, including a discussion of the ur- 
an ecosystem with a biotic focus and a dis- 
the influence of man on this bio- 
ogical community. This naturally leads into 
q asi-agricultural subjects such as soil and 
■, rn ^ na K ement i leading on to discussions 
polluuon and biota in urban areas. 

.l na P ter 5, covering water management, is 
fnr a at ^ ® r planning chapter where techniques 
nf ’ 1 £? d OM and control and other aspects 
rha. n Waler engineering are covered. Like 
ini a cIlB P ter 8 must be regarded as 

mroduciory in nature, providing an over- 


view of management possibilities. This type 
of material will be especially useful to the 
reader who is not well grounded in the sub- 
J ect. 

Chapter 6, on development and planning, 
will be of special interest to those who are 
new to the field of water planning and who 
desire to learn about the linkages between 
land planning and water planning. This 
chapter suffers from the same problem that 
plagues much of the planning literature: II is 
so full of charts, diagrams, and conceptual 
frameworks that many readers may wonder 
just what useful information is contained in 
the chapter. 

Chapter 7 begins the first case study which 
focuses on Milton Keynes, a new town located 
in North Buckinghamshire. England, and the 
chemical and biological functions of "balanc- 
ing lakes,” which are generally called deten- 
tion ponds in the United Slates. The case 
study of the new towns in the IJsselmeer- 
polders located in The Netherlands is of simi- 
lar interest in that it is a view of the water 
management aspects of new town develop- 
ment including soils, environmental aspects, 
and hydrology. The difference, of course, is 
the bolder aspect of the new town develop- 
ment. The third case study relating to water 
management in California is entirely differ- 
ent because it addresses the problem of the 
super city drawing on water resources from 
all {tarts of ihe state lo the detriment of the 
rural areas ouisidc. The lopie covers the his- 
tory of water development for Los Angeles: 
the Los Angeles aqueduct system, the Califot- 
nia State Water Project, and related political 
and engineei ing aspects. There is little dis- 
cussion about the urban ecosystem aspects of 
Los Angeles other than the influence of the 
development of Los Angeles on water sources 
in other parts of the state. The discussion of 
the City of Sanibel located in southwest Flori- 
da presents an example of development on 
barrier islands, a difficult and complex prob- 
lem all ovei the world, including the United 
States. This presentation stresses the cat rying 
capacity approach which relates to political 
feasibility because of the appreciation of is- 
land residents of the sensitivity of their living 
environment. 

Overall, the volume deli vets the promises 
of the editors; that is. it envois introductory 
subjects in smile detail and constitutes a grand 
literature review but docs not go into great 
depth in any of the topics. Some readers will 
cspcriallv appreciate the litcraimr review and 
the wide imei national tuveruge. 

Neil S. Grigg is mlh the Department of Civil 
Engineering, Colorado State University, Fort Col- 
Urn. C.0 80123. 

The Fluid Mechanics of 
Astrophysics and 
Geophysics: Stellar And 
Planetary Magnetism 

A. M. Soward (Ed.), vol. II, Gordon and 
Breach, New York, 1983, xi + 376 pp., 
$69.50. 

Reviewed by E. N. Parker 

Stellar and Planetary Magnetism represents 
die proceedings of the Workshop on Plane- 
tary and Stellar Magnetism held in Budapest. 
Hungary, August 25-29, 1980. It is the sec- 
ond volume in a series on the fluid mechanics 
of astrophysics and geophysics, edited by P. 

H. Roberts. The first volume is Solar Flare 
Magnetohydrodynamics, with Eric Priest as vol- 
ume editor. It is clear from reading both vol- 
umes that the overall editorial policy is one of 
exposition for an audience much broader 
than the experts that contributed the papers. 
Stellar and Planetary Magnetism, like its prede- 
cessor, is as much a textbook as it is a topical 
review of the latest developments. The suc- 
cessive sections are devoted to dynamo the- 
ory, high conductivity dynamos and flux ex- 
pulsion, solar magnetism, stellar magnetism, 
geomagnetism, and compositional convection, 
the Iasi topic referring to the forces dint 
drive the convection in the core of earth. In 
that respect there has been a question for 
years whether there is enough thermal ener- 
gy released in the liquid core to drive convec- 
tion and power the geomagnetic dynamo. It 
now appears that the slow cooling and solidi- 
ficadon of the liquid core, to form n growing 
solid dendritic core at the center, is die most 
effeedve means for driving the convection. 
The basic thermodynamics and hydrodynam- 
ics of this effect are presented with gratifying 
clarity and directness. 

■ The volume begins widi a comparative re- 
view, by H. K. Moffatt, of the diree main ap- 
proaches to dynamo theory, fallowed by two 
chapters, by K. H. RSdler, discussing the gen- 
eral symmetries of die quasi-Jinear (first-or- 
der smoothing) approximation for the hydro- 
magnetic dynamo equations in the context of 
a spherical volume.' The next five chapters 
treat a variety of auxiliary effects that arise 
but of the general hydromagnetic dynamo ef- 
fects, such as flux expulsion from a network 
of convective downdrafts, the critical Reyn- 


olds number fur the onset of dynamo effects, 
and an unusual situation treated by S. Chil- 
dress, involving intense widely separated cy- 
clonic eddies whose mutual magnetic interac- 
tions produce an extraordinary dynamo ef- 
fect when their strength exceeds a critical 
value. 

The remaining two thirds of the book is 
devoted to the fluid dynamics ul the convec- 
tive zone nf the sun and other stars and the 
core of earth, with specific application or the 
dynamo equations to the generation of the 
observed magnetic fields. M. Stix surveys dy- 
namo action in l.ne-typc stars, while F. 

Krause reviews the classical magnetic A stars, 
showing that a dynamo origin or their fields 
is a possible and plausible alternative to the 
conventional view that die fields of the mag- 
netic stars are primordial. A chapter is devot- 
ed to the possibility uf dynamo action in ac- 
cretion disks. There is an extensive discussiun 
of what can be deduced about fluid motions 
and magnetic flux in the liquid core of earth 
from the observed variations of the magnetic 
field at the surface. 

It is interesting to look back over the theo- 
retical and observat tonal progress of the past 
40 years toward understanding the origin, 
and sometimes erratic behavior, ol the mag- 
netic fields of the planets, stars, and galaxies. 

A variety of dynamo effects have Itccn discov- 
ered and described, and there lias been a sol- 
id beginning on the dynamics of the convec- 
tion within the rotating bodies that exhibit 
the magnetic holds. The (undameiitul obsta- 
cle to any "linal" theories is the simple fact 
that only the surface of the various bodies 
can he observed (with the ext option of tlie 
galaxy) and the fluid dynamics or their con- 
vective interiors is loo complex (the Reynolds 
numbers arc very large) a clynainic.il problem 
to permit a direct deduction of the t nut ion 
from the surface characteristics. The chapters 
in the sections on solar magnetism and geo- 
magnetism delve into the problem, present- 
ing a collective exposition of where knowl- 
edge presently stands and where it needs to 
go in the future. It is dear from Strllm nml 
Planetary Magnetism that the subject of stellar 
and planetary magnetism lias conic a long 
way, is developing rapidly, and has n lung 
way tn go. 

E. N. Parker is with the limiro Fi nn ] Institute, 
Unit vi«'(y of Uii> ago, Chicago, lllnwis. 

The Scientific 
Management of 
Hazardous Wastes 

C. B. Cope, VV. H. Fuller, and S. L. Willetts, 
Cambridge Univ. Press, New York, ix + 480 
pp., 1983. 

Reidewed by Keith S. Porter 

According to the jacket of this book, three 
independent scientists carefully define the 
limits of scientific knowledge applicable to the 
management of hazardous wastes. It is 
claimed that the extrapolation anil applica- 
tion or this knowledge is examined, signifi- 
cant areas of uncertainty are identified, and 
the authors reveal "the fallibility or certain in- 
terpretations." It would be more accurate to 
claim these as possible goals of the book rath- 
er than its accomplishments. 

Chapter 1, Hazardous Wastes and Their 
Recycling Potential, includes 1 1 pages of lists 
of chemicals, some of which are poorly repro- 
duced. The remaining pages describe, super- 


ficially. several recycling schemes. Connec- 
tions between the chemicals previously listed 
and the recycling schemes are not jjiven. 
Concerning the potential Tor recycling, the 
last sentence of the chapter reads, “Indeed, 
the concept of waste recycling, itself a contra- 
diction in terms, is better politics than busi- 
ness." Taken literally, this assertion itself con- 
tradicts venerable practice, as the farmer 
might observe as he transfers waste from his 
cows to the crops ill his field. More pertinent- 
ly, it can be argued iliat Lhc recovery of sol- 
vents, inetais, and oil from waste flows is 
much more than a political gesture. 

The following four chapters, accuuming 
for one third of the book, review legislation 
of the United Kingdom. A reader may be at 
times confused about relevance of Lite materi- 
al to hazardous wastes. For example. King 
Edward II's prohibition of the casting of Filth 
from houses in 1309 may have eliminated an 
unpleasant hazard to pedestrians beneath 
bedroom windows, but it hardly corresponds 
lo modern uuiiuris of hazardous wastes man- 
agement. It is interesting and useful to estab- 
lish the context of pulliitian control within 
which lidzairious wastes arc managed, but the 
links between the context and the manage- 
ment should be explained. 

Chapter 5 gives a brief overview’ of landfills 
and their leachates because, it is suggested, 

"die sillily of domestic refuse landfills and 
their leachates is an essential lirsi step in un- 
derstanding 1 lie problems which arc encoun- 
tered in the parallel held <if ha za ill oils waste 
in a wage me itt." Although this may lie true, l lie 
reader is largely left tu infer (he implications 
far hazardous waste management. 

The next chapter describes landfills and co- 
disposal of hazardous wastes hut suggests that 
this practice camtot Ik condoned. It is also 
concluded that codispusal iccliuii|ucs and 
sanitary landfill practices arc diametrically 
opposed. 

Over one quarter of the book is inkcu up 
by chapters H ami 9, which describe, snil pro- 
cesses and toxicology, respectively. These are 
both primarily elementary .summaries of basic 
scientific understanding. Again, the applica- 
tion of this in ides standing to (lie manage- 
ment nf hazardous waste is inadequately de- 
veloped for the reader . In the chaplet on 
soil, the soil is described as sonieiltiug that 
"encapsulates the earth as material sickling to 
the foot; follows can It's ton tours over the 
land, tlie surface of hill and valley, uiomuaiii 
peak and gmgr. and under water »*r die lake, 
seas, and ocean in a thin rind that stands be- 
tween life and lifelessuesa. Even to the poet, 
soil is that "mysterious grit and grime. • 
crumbling ruck ami decaying life, once lile. . . 
abrading by wind and water. . .weather- 
ing into soil — Mother Earth." To die farmer 
it equates to fruit and grains and cattle. To 
the chemist soil characteristically is "rock nn 
its way to the ocean.” The geochemist may 
think of soil as the soft insoluble earth rind 
that turns soluble only to precipitate insoluble 
again as it follows in some reasonable manner 
the pathway of thermodynamics" (p. 263). 

Efforts of technical authors to enliven their 
text with literary graces are to be particularly 
applauded. However, this and other passages 
in the book are careless and cause more dis- 
comfort than pleasure. Literary gems can be 
born out of unlikely "soil," but they will not 
shine without much polishing. 

The last three chapters outline options for 
treatment, disposal, risk assessment, and cost 
benefit analysis. For this reviewer, the two 

Books (cant, on p. 4/4) 


MAGNETIC 

RECONNECTION 

In Space and Laboratoiy 
Plasmas (1984) 

Geophysical Monograph Series 
Volume 30 

E. Hones, Jr„ Editor ^33 
408 pages • hardbound • illustrations 


Based on the 1983 AGU Chapman Conference on Magnetic Reconnection, this 
volume offers a thorough examination of the subject area. A strong balance Is 
made between review paper's, those which describe basic principles, and papers 
on recent theoretical and observational advances. Of special interest Is major 
new magnetospheric observations made by the ISEE 3 satellite. A question and 
answer session held during the Chapman Conference as well as an appraisal 
session are Included ip the last Section of the book. 
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EOS June HUM 


Books frail. I nun p. HI) 

Lest and most interesting cliiipu-rs in the 
brink arc those ih;u discuss various methods 
of disposal ranging from solid ificaiion lo in- 
cineration. These two chapters best meet (he 
title of the I xmk in describing directly the ac- 
tual management of hazardous wastes at least 
in flic Musi 1 nl di.s|jnK(|. lu tlit- seine of pro- 
el net inn, trails port, and storage ■ if hazardous 
wastes there is very little in the hmiL Like- 
wise, the management uf spills and accidental 
discharges or emissions is also nut directly 
discussed. 

Overall, the honk is marred by insu If idem 
col tesiun and sit tie lu re. Key questions in the 
management of hazardous wastes are what 
hazardous wastes arc produced, how arc they 
produred, and in what quantities? I low, 
when, and where arc they disposed of, and 
what arc the consequences and options? ft 
might lie objected that much of tliis knowl- 
edge is unavailable. The question in response 
would then lie. What don’t we know, how sig- 
nificant is our ignorance and what should be 
done? One uf the most important uncertain- 
ties, faring the Lbiited Stales at least, con- 
cerns the so-called "orphan" hazardous waste 
dumps For which thcic is little if any infor- 
mation, The scientific understanding that can 
be applied to the detection, character i/a lion, 
and treatment id' such hazardous waste sites 
so management priorities and responses can 
be made is not discussed in the hunk. 

Finally, the hunk is marred liy sloppy edit- 
ing', uncharacteristic ul the Cambridge Uni- 
versity Press. For example, on jiajp.' 249 we 
have ", . .the ionic strength of the leachate 
hills hum stnii to pass through a minimum 
around 200 days and then increases so that at 
ul mind days il is almost equal to that in 
the first 50 days of operation. . .Nickel I alls 
from I mg I' 1 at 5b days through a minimum 
at '200-250 slays and then rises again to I mg 
P l at 550 days." 'I he Cirst of these sentences 
is gibberish. The second suggests some un- 
conventional physics to account for "nickel 
falling through its minimum." Another prob- 
lem for the reader is that results are some- 
times only vaguely or ambiguously cited. In 
querying one set of results, this reviewer de- 
cided lo check the source, which was a paper 
coauihnred hy one of the authors uf the 
bunk. 'I he paper was found not mniiiin the 
results nrJited to it. Such it citations are not 
helped by minor technic a] lapses such as 
acme toxicity being referred to as “a single 
exposure nl duration measured in seconds, 
minutes, ur hours." In fact, acute exposure 
can be multiple. 

In suninurs. this hunk has shortcomings 
many if nut most uf which can be attributed 
in very pour editorial work. Despite the 
shortcomings, the authors convey a sense of 


having considerable collective experience ap- 
plicable to hazardous waste management. 
The book contains a lot o( information and at 


least would make background reading for 
those concerned with hazai clous waste man- 
agement. 

Keith $. Poiler is with the Center for Environ- 
mental Research, Cornell Univenitt, Ithaca, \'Y 
1-1853. 
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Computer Methods In the Geoscience Series 

GRAPHIC DISPLAY OF TWO AND THREE 
DIMENSIONAL MARKOV COMPUTER MODELS 
IN GEOLOGY 

ByCtrehen Lin, Institute ol Geophysical and Geochemical 
Prospecting, and John W. Harbaugh, Stanford Unlv. 
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By William B. Hubbard, Unlv. of Arizona 
Analyzes processes and current theories on planetary structure. This 
extensive sourcebook examines data uncovered by fothdMpapace 
missions and earthbound observers. PARTIAL CONTENTS: 
Chemical Composition and Structure of the Sun. Constituent Rela- 
tions. Applications ol Potential Theory to Interior Structure. Heat Flow. 
Planetary Magnetism. The Earth as a Paradigm. The Moon. Mercury. 
Venus. Mars. Jupiter. Saturn. Uranus and Neptune. Jovian Planet 
Satellites. 352pp., $42.50 

Benchmark* Papers In Geology 

SUNSPOT CYCLES 

Edited by D. Justin Sohovo, St. David's College (U.K.) 

Brings together the most frequently cited and consulted primary 
sources oflntormetlon on sunspots and their effects. Sunspot cycles, 
climate, and hlsloiv are thoroughly examined. SECTION HEADINGS: 
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By Elizabeth M. Shaw, Imperial College of Science and Tech. 
(England) 


Examines physically-based groundwater research performed In twen- 
tieth-century North America. PARTIAL CONTENTS: PHYSICS OF 
GROUNDWATER FLOW. Soli Anlstrophy and Land Drainage. WELL 
AND AQUIFER HYDRAULICS. Ground-Water Management for ihe 
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Analysis of Groundwater Row In Small Drainage Basins. Land Sub- 
sidence Due to Withdrawal of Fluids. 448 pp„ $48.00 
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Edited by G.J.H. McCall, Liverpool Unlv. (England) 

Provides key literature on melanges Including the two main theories 
regarding their Interpretation— tectonic as opposed to submarine 
gravity slide origin. SECTION HEADINGS: Foundations. OHatostrome 


TENTS: HYDROLOGICAL MEASUREMENT 5. Hvorometric Net- 
works. Water Quality. PRECIPITATION ANALYSIS. Evaporation 
Calculations. River Row Analysis. Rainfall-Runoff Relationship. Catch- 
ment Modeling. Stochastic Hydrology. ENGINEERING APPLICA- 
TIONS. Flood routing. Urban Hydrology. 488pp., $43.5 0 

Benchmark * Papers In Geology 

FABRIC OF DUCTILE STRAIN 

Edited by M.R. Stauffer, Unlv. of Saskatchewan 

a ss from the early work of the mid-1 800s through the first stage 
ay's quantitative and materials-eclance approach to tha study of 
deformed rocks. SECTION HEADINGS: Slaty Cleavage and Its Rela- 
tionship to Strain. Deformation Textures and Row Mechanisms. The 
Geometry of Strain. 4 16 pp., $48.00 

Benchmark* Papers In Geology 

CHEMICAL HYDROGEOLOGY 

Edited by William Back, U.S. Geological Survey, 

and R. Allan Freeze, Unlv. of British Columbia 

Discusses how to handle problems such a9 management of radio- 


active and toxic wastes, formation of ore deposits, and hydrollc effects 
of mlnlngand oil production. "A valuable reference book " — Ground 
Water. SECTION HEADING8: The EvolutlonaryPeriod. Occurence 
and Geochemical Significance of Salt Water. The Equilibrium Ap- 


- Ground 


proach. Isotopes In Groundwater. Heat and Mass Transport. 432pp., 


Benchmark* Papers In Geology 

RIFT VALLEYS— Afro Arabian 

Edited by A.M. Quennell 

For the first time In one sourcebook, studies of geomorphology, 
geology, and geophysics are brought together to provide a synoptic 
account ol tne rift system. SECTION HEADING8: Historical 
Retrospect. Geomorphology. Eastern Africa: General. Eastern Africa 
Karroo. Eastern Africa: Western Rift System. The Afar Rift Junction. 
Gulf of 8uez. Western Araban Rift System. 432 pp.. $50.00 

Benchmark* Papers In Geology 

GEOSYNCLINES 

Concept and Place Within Plate Tectonics 

Edited by F.L. Schwab, Washington and Lee Unlv. 

Traces the historical development of the geoayncllnal concept from 
mid-nineteenth century to the present. PARTIAL CONTENTS: Tha 
European Perspective. The Geotectonlc Cycle. Geosyncllnes. Causal 
Mechanisms. Geosyncllnal Theory In Ihe Mid-Twentieth Century. Sea- 
Floor Spreading and Plate Tectonics. Mechanisms of Plate Tectonics 
Applied to Ancient Geosynciinal Mobile Be lts. 411 pp., $52. 00 

k Van Nostrand Relnhold A 

I |==) ATTN: Jane Neveleff I 
9 IVNRI 1 35 West 60th Street 1 
f L , 1 New York, N.Y. 10020 9 


The University or Csleuy/Asslslant Professor 
Geophysics. The University of Calgary, Depart- 
ment of Geology and Geophysics, forties applica- 
tions for ihe position or Assistant Professor of Geo- 
physics. The Appointee Hill be expected to conduct 
research and supervise students in the field of ex- 
ploration geophysics or related areas (seismic or 
nou-scismlci and to teach courses at both the gradu- 
ate and undergraduate levels. A Ph.D. is required. 

The appointment will be made at or dose to the 
base level of the Assistant Professor salary range 
which u currently 529,741 (subject to change as of 
July I, 1984). 

The Geophysics Group within the Department of 
C>cnkigv anil Geophysics emphasizes research in the 
area ul exploration methods. Equipment is available 
and operjiiunal for field operations in reflection 
seismu tWS 111 and IV). EMfEJfasl. MaxMin. Gem 
a . IPillumcc MK 4. Phoenix IPT-I 2-ftKW). 

Mann cut sllTF SQUID) and graviiy(VTordcr) A 
I erkut timer 3240 computer i available in the De- 
partment which has also been selected as the loca- 
tion for the I.ITIIGPRODE processing centre. Pre- 
sent areas of research include experimental and the- 
orctkal aspects «il seismology, seismic stratigraphy, 
experimental anil theoretical studies of glearical 
methods, crustal studies and seismic signal analysis. 

All aptditanis arc encouraged lo apply but prefer- 
ence will lie given to Canadian citizens and norma 
nent reskiems. 1 

Applicants should forward u detailed curriculum 
ww® ™ *«e letters uf reference prior In August 
lft. 1984 hi: 1 " 


J unc 22 * ,9M - Sdwv will be 
$24,01)0— S29,000/year depending upon cducatl 
and experience. Applications with resume and 


-'r'-.j— Mini i i'si i me nnn 

n * n, « telephone numbers or three references 
should he sent to: Director. Montana Bureau of 
Mines and Geology. Montana College of Mineral 
Science and Technology. Butte, Mr 59701, 

An EEO/AA Employer. 


Faculty Research Assistant 
parimoni of Meteorology, l 
College Park. Onoartumiv i 


Position is in the De- 


number of research studies involving climate model- 
ling. satellite profilers, and mesostafo analysis. Spe- 
cial emphasis on graphical output from computer 
models, and dagnosuc routines using meteorologi- 
cal data. Including satellite and radar imagery. 
Graphics development will be done on a local mi- 
crocomputcr network and remote host computer. 
Applicant must be working currently in areas of 
computer science, applications programming and 
meteorology. BS In ^mputer Science or Meicorolo- 
V? d “ ,r aMe. Experience in FOR- 
1 RAN essential; experience in UNIX, Pascal and C- 

BnflUan 1 flmmhlp &nnAinlmahi L r ... 


n P l f w T JU (VVU. Vauuiaa ur. uavui 

RodcnhuH. Department of Meteorology, University 

30 M^™ C ^ X? rk ' MD 20742; telephone Y 
loSTrli 2708 -- Appraauons received bcforc july 15, 
will receive full contidcrauon. J 7 

ot , Mn ry |and , subscribes to a policy 
of equal educational and employment opportunity 


for travel and rvscarcli, untl the ap|x*lniccs w . 
encouraged to genet Hie exterior support ino 
ly or ihvotiuh muiwratkin with ^ndsting fBCUi'r- . 
Please semf inquiries, a vita, a lln ol rdferm. a» 
deKription of rcsciiirh interests to MwaraR' 
eror Daniel R. Lux, Deiiartincnl or OcolMKai _ 
cnccs, 1 10 Boardman i rail, Unlvcmiy of h 
Orono, Orono, Maine 04469. Telephone a .' 
be made to 207-B8 1-2 1 52. and forwarded to 
or Lux. , „„«, r mniiyf 

The University or Maine u an equal °PP° riu 
affirmative action employer. 

Senior or Senior Project H' 
gist. A newly-formed liydroReology aI J“. e 
ing consulting firm. The MaikGrotiP^K. 
lure, experienced hvdrogcologisi or liydr^^ |„ 
an immediate filling of a senior technical pwj .. 
the Las Vegas office. Ongoing and prejK* , 
gations will emphasize water resounds a 
mcnl, hazardous waste, and gcoiechnloai » ^ . 
Ing projecu. Principal project work u n ^ 
Nevada, and Arizona. Prefer applicants ^ ^ 

mum four years similar experience ano !»■-■. y(fi . 
from a recognized program .Strong wr jre . 

bal communication skiBs and oyeraJl ptease 

required. Professional regjsirauon . 

send rest 




iiiciuurtuv mui uaniingi ' j 

ity. Ownership participation anuapat^o 
oi Interest, resume, sample key reports 

‘ Dr. Robert F. Kaufaiann. Principal 
The Mark Group 
7265 West, Coley Awiiue 
Las Vegas, Nevada 891 1 7 
702-873-7428 ■ 


Physical Oceanographers. The Mg J.'g 
search Group orHie Scripps 
raphy.invilea phyucal occanograp™.™ " .v' 


r . • . j. n g and related work. 

. _e of drilling and ific — ' — 1 -«*..■• f . 
north rate m Montana pjefc 


r.iuor*. , i. .. ■ 

and at lep» l HjT"- 


LaJOp* 
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June 26, 1984 EOS 


Plan to Attend 

The Second International 
School for Space 
Simulations 

February 4-15, 1985 
Kapaa, Kauai, Hawaii 

Lectures will be presented on basic simulation techniques as well 
as on recent results on observations and theory. 

Travel fellowships will be available for graduate students, postdoc- 
toral fellows, and beginning investigators. 

Organizing Committee: 

M. Ashour-Abdalla (UCLA, USA) 

P. J. Coleman, Jr. (UCLA, USA) 

R. Gendrln (CNET/CNRS, France) 

H. Matsu moto (Kyoto Unlv., Japan) 

T. Obayashi (ISAS, Japan) 

H. Okuda (Princeton Unlv., USA) 

T. Sato (Hiroshima Univ., Japan) 


MIUllI The University of Manitoba 
UW Civil Engineering 


Program Committee: 
P. Banks (USA) 

T. Birmingham (USA) 
J. M. Dawson (USA) 
C. T. Dum (FRG) 

M. Hudson (USA) 

B. Hultqvist (Sweden) 

I. Klmura (Japan) 

J. Klndel (USA) 


A. Nishlda (Japan) 

H. Oya (Japan) 

P. Palmadesso (USA) 

D. Papadopoulos (USA) 
D. Peacock (USA) 

R. Sagalyn (USA) 

M. Schulz (USA) 

S. Shawhan (USA) 

T. Tamao (Japan) 


Program, registration and housing information will be available by 
July 30. To be placed on the School mailing list write to: 

D. A. Dutton 
ISSS2, IGPP 
UCLA 

Los Angeles, California 90024. 


Rcvearch Assistant Profcssor/SbaJlow Water SJmu- 
utlon. A two-year, non-tenure track appoint mem 
u available at Dartmouth College. Primary emphasis 
u an research in hydrudvnamii ami water quality 
rimtuaiion for estuaries, lakes, and coastal waters. 
Inc position aliu involves leaching one course per 
year. Additional opportunities exist for iiivulvemcnt 
m Geophysics. Numerical Methods, or Cold Regions 
programs. 

Applicants must hold the Pli.D. in any relevant 
Kienuhc discipline. Ability with finite elements and/ 
or boundary elements is strongly favored. 

. .Desired start date is October I, 1984. Renewal of 
initial appointment is possible, coniittgcni upon gen- 
«u°n of additional research funding. Sena resume 
win three referees and dissertation abstract by Au- 
gust 15 to: 

Professor Daniel R. Lynch 
Thayer School or Engineering 
Dartmouth College 
Hanover. New Humpslnrc 03755 

Dartmouth College is and tEO/AA employer. 

AIbM U nlvers ity/Selimlc Stratigraphy. 

The Department or Ckcunnaianliy in tne College 
o* Geosciences at Texas A&M University has an 
c wntng for a Ph.D. with specialization in the field 
” l , 5 lsmic - Mraligrapliy. This tenure track position is 
« me assistant professor level. Salary is negotiable 
ueMndtng upon experience and qualifications. This 
posluon will be available pending final approval, 
unit applicant will be expected to teach 

unaergraduate courses in general oceanography, a 
graauate course in seismic stratigraphy, and may 
develop graduate courses of his/ner own design. He 


GEOPOTENTIAL RESEARCH MISSION SCIENTIFIC CONFERENCE 

A Geopotentlal Research Mission Scientific Conference will be held on October 
29—31, 1984 et the University of Maryland. The purpose of the conference Is to 
discuss interpretation and application of variations of the earth's gravity and 
[rtegnetlc fields such as the Geopotentlal Research Mission is planned to measure. 
The subject areas of the conference are: 

Dynamics and structure of the sub— oceanic lithosphere 

Dynamics and structure of the continents 

Mantle convection 

Dynamics of the core 

Ocean circulation 

In view of the diverse nature of the topics, It Is planned not to Include measurement 
data analysis techniques. There will be a number of Invited papers but there will 
be time for shorter contributed papers or poster papers. 

The conference will be co-chalred by W.M. Kaula and C.G.A. Harrison. 

Those Interested in presenting a paper at the conference are urged to submit an 
^tended (2-3 page) abstract of their contribution by August 29, 1 984. These, and 
enquiries concerning attendance at the conference should be addressed to: 

Louis S. Walter 

-Code EE-8 ' 

• Jf^SA Headquarters , . 

. Washington, D.C. 20546 

^Tele phone: 202-4631-1876 • i : '-' .. - ' ■ 

i ' i — — 


WATER RESOURCES— SYSTEMS 
ANALYSIS 

The Department of Civil Engineering is currently building an effort In civil 
engineering systems analysis, and has an opening In water resources — 
systems analysis. Tha successful candidate will be expected lo teach un- 
dergraduate and graduate courses In water resources with a systems em- 
phasis, as wall as to establish a research effort in this area. 

A Ph.D. In civil engineering Is required. The University encourages both 
women and men lo apply. In accordance with Canadian Immigration re- 
quirements, this advertisement Is directed to Canadian citizens and per- 
manent residents. 

The position is at the assistant professor level with an Initial full time ap- 
pointment for a period of two years beginning September 1, 1985 or later. 
Please send a curriculum vitae, copies of recent publications, and Ihe 
names of three referees to: Prof. H. Cohen, Head, Department of Civil 
Engineering, The University of Manitoba, Winnipeg, Manitoba, Cana- 
da R3T 2N2. 


Research Geophy.sIcisl/U.S. Geological Survey. 

The Oflkc <>f Earthquake, ViiUuime, anti Engi- 
neering, Br.iiuh nl TccionnjihyMLS is •wiliriling in- 
terest from (iL-rson* with either it record ol clcmtni- 
sirnltil ability or onisUi tiding jxitonlhil lot rewanh 
in one or nuire areas ol hr.nirli activity. Thr 
Branch nl T« imiophvsiis rallies mu a tigmmts 
program in ihe areas oi iriN.il rlelbrin.iiiuii. in -situ 
stress anil pltysit.il pint ter lies in regions ol |urtictt- 
lar iinctcsL to* earthquake anil vnkiiliin: hazards. Ad- 
ditional Branch .u.ii\iiic& intitule lalmr.iion men- 
Mirciiicnis oi rock and mineral ik-formatimi in con- 
ditions appropriate to the trust and mantle. The 
Blanch is particularly imcic&lcil in a gi-oplostcLsi 


with expertise in the aqittsiiinn. analysis, and inter- 
pretation nl crustal delta [nation data 
All interested persons should submit a rii-iailed 
resume of ethical inn, experience, summary oi inter- 
csts ami rrtc-.in h inicminiis and an appropriate sal- 
art level ciniinu-nstmue with exiH-rierirc liy 20 July 
1981 «■: Wayno Thalcncr 

Branch of Tectonophyslc* 

U.S. Geological Survey 
345 Miildleliclu Road, MS 977 
Menlo Park, CA 94025 

Shimlda position heroine- available in dit 1 litanch 
sou will he uotihed ol ilu- competitive I : cdcr,i1 ent- 
jilovnicui application requirement. 



or slic vvilJ also U- rpx tried to omdlKl a vigorous 
reseat ch program. 

Applicants should submit a vita along with a letter 
describing his'hcr research and leaching goals and 
thr names of five persons for rcfciencc to Professor 
Robert O. Reid. Head, Department of Oceanogra- 
phy, Texas A&M University, College Station. Texas 
77843. The closing date for applications is 15 July 
198-1. 

Texas A&M University is an affirmative action/ 
equal opportunity employer. 

Research Aiioc Iste/Research Technician. The 
University of Maine at Orono (UMO) has an open- 
ing for a research assoclatc/research technician who 
would work In a small geophysical group. We seek 
an individual who can use and maintain modern 
digital electronic equipment: for example, multi- 
dtanncl analysers. 1/0 Interfaces for microcomput- 
ers. digital plotters and digitizing tablets. Familiarity 
with BASIC and FORTRAN will be needed, and 
some geophysical field work may be required as 
pan ol the duties of the appointee. Current fund- 
ing permits an appointment for oar least 12 months. 
Suoject to arrival of anlidp3ied funding, the 
appontment period could be extended to two years, 
or longer. Call Edward R. Decker at 207-581-2158 
or 207-581-2152 about the position. Otherwise, send 
inquiries, a vita and a lilt of at least three references 
to Edward R. Decker, Department of Geological Sci- 
ences, 1 10 Boardman Hall, University of Maine at 
Orono, Orono, ME 04468. 

The University of Maine is an equal opportunity/ 
affirmative action employer. 


Announcements 


AWRA Conference 

Aug. 12-17, 1984 IHUli Annual AWRA 
Guiifcmiu 1 .nul Symposium, Washington. D. 
C. (Kenneth D. Reid, Executive Direr I or. 
American Water Resources Assorcmion, 5410 
llmsveifu Lam.. .Mine Hi-iIil-mI.i. Mil 
SUHH:icL: 301-493-8600.) 

Tlte conference theme is "Overcoming In- 
siiuitionnl and Technical Constraints to Wa- 
ter Resources Management." The program 
features 17 technical sessions on such topics 
as institutions Tor managing regional water 
resources systems; data needs for analyzing 
ihe performance of water resources systems; 
models for coordination of water resources 
plans and programs; research to support im- 
proved water management; regional water 
resources planning and management; state- 
federal relationships; assignment of responsi- 
bilities; and assessing the nation's water re- 
sources. 

The topic of the symposium is "Options Tor 
Reaching Water Quality Goals." The session 
will be keynoted by Rep. James H. Scheuer 
(D-N.Y.), chairman of the Subcommittee on 
Natural Resources, Agricultural Research, 
and Environment of the House Science and 
Technology Committee. 


Chemical Oceanography 

Aug. 13-17, 1984 Gordon Research Con- 
ference on Chemical Oceanography, Meri- 
den, N. H. Chairman: William Sackett. (Alex- 
ander M. Crnickshank, Director, Gordon Re- 
search Conferences. University of Rhode 
Island, Kingston, RI 02881-0801: tel.: 401- 
783-4011.) 

Among the topics to be discussed at this 
Gordon Research Conference on chemical 
oceanography are isoiopic signals; carbon 14 
and oilier tracers in the oceans; sulfur com- 
pounds and their cycles: marine chemistry; 
and biogcochcmical processes. 

William Sackett is the conference chairman. 
Robert Berner is the vice chairman. Discus- 
sion leaders include K. Turekinn, P. Quay, 

M. Andrea, E. Goldberg, and P. M. Williams. 


Groundwater Models 

Aug. 15-17, 1984 Conference on Practi- 
cal Applications of Groundwater Models. Co- 
lumbus, Ohio. Sponsors; National Water Well 
Association, International Groundwater Mod- 
eling Center. (David Nielsen, Conference Co- 
ordinator, National Water Well Association, 
5DD West Wilson Bridge Rd./ Worthington, 
OH 43085; tel.: 614-846-9355.) 

The conference will feature' contributed 
and invited pajiers on state of the art 
groundwater models and their practical ap- - 
plications. The conference will be structured 
to be Informative 10 seasoned practitioners as 
well as 'novices in the field. 


Organic Geochemistry 

Aug. 20-24, 1984 Gordon Rlm-.ii ih t un- 
IrrciiCL* mi Oi gaiiic (ieiiclieiiiisirv. I’lviumilh. 
N. II. Chairman: Keith Kvcnvulricii. (Alexan- 
der M. Cniichsluink, Hi red m. Gotdmi Re- 
scale, h Guild cutes, L'niv.til Rhode Island. 
Kingston, Kl U2NM l-CWUl ; ltd.: 4UI-7M- 
4HI I.) 

Among die lopics to he disc 'listed nr (hit 

IhiIiIoii KcM.Mti.il I .niikiciiic 'ill mi g.in ii 

gem Itemisin' .ire tlu* tarhon wtle: ge«n hemi- 
cul hiomnrkcrs: luimU suhsi.mi.es: oil and gj, 
dc|xisii nietir ret ices. 

Keith A. Kvenvuldcn is ihe cliairnuiii ol die 
conlcrencc. Robert H . Reiisema is vice chair- 
man. Discussion leaders arc D.J. Dcs Marais, 
W.K. Seifert, G.E. Clay pool, and P.G. Hatch- 
er. 

Ophiolites Through 
Time 

Nov. 13-15, 1984 Ophiolites Through 
Time. Nancy, France. (Jacqueline Desinnns, 
University de Nancy 1, Fact! It* dcs Sciences, 
Laboratoire rie Petrologic, B.P. no. 239, F- 
54506 Vandoeuvre-fes-Nancy Cedex, France.) 

The deadline for alislructs is September 1, 
1984. 

The conference will cover the evolution of 
ophioliies through time and its appraisal. The 
origin, chemical composition, petrographic 
sequence, inferred mode of emplacement, 
and the structural environment or ophiolitic 
basic-ultrabasic associations from Proterozoic 
to Late Cenozoic ages will be compared. Re- 
ports on the radiometric dating of oph ionics, 
methods, and results will also be included. 

Data permitting basic-ultrabasic associations 
in Proterozoic or Paleozoic paleosulures to be 
interpreted as ophiolites will also he welcome. 
As in former ophiolite conferences, an open 
session will be dedicated in contributions on 
general ophiolilic topics. 

Quaternary of Virginia 

Sept. 26-29, 1984 Symposium on rile 
Quaternary of Virginia, Charlottesville, Va. 
Sponsor; Virginia Division of Mineral Re- 
sources. (S. O. Bird, Virginia Division of Min- 
eral Resources, Box 3087, Charlottesville, VA 
22903; tel.: 804-293-5121.) 

August 31 is the deadline for submission or 
contributed posters, 

Among the topics to be covered are line 
quaternary di mates of the middle Atlantic re- 
gion! Quaternary geoitforphology in Virginia; . 
Quaternary fossils; mammalian extinctions', 
late prehistoric mid protohisiorlc large mam- 
mal zoogeography of Virginia; and iltc study 
of Quaternary vertebrates in Virginia. 

A field trip Is planned for September 29 to 
mammal and Indian sites at’ Seville, Va. 

The Geophysical Year pifendar. last 

appeared in the June 5, 19R4, issue of Ecu. 

- ■ Meetings from, on p. 416) 
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Meetings (raw/, from p.-ii5 ) 

Meeting Report 

The Pre-1958 
Atmospheric 
Concentration of Carbon 
Dioxide 

Introduction 

In considering die changes in (he atmo- 
spheric concentration of carbon dioxide 
wrought by mail’s activities, it has been the 
practice to refer to some presumed value of 
concentration in die late 19lli century as the 
■‘pre-industrial" value, implicit in many of 
these discussions lias been the assumption 
that prior lo the signiiicunt use of fossil fuels, 
die concent ration was more or less constant 
about this value and that fossil fuels were the 
main reason for the recent departures from 
il. A value or about 290 parts per million by 
volume (ppmv) was usual y selected as repre- 
sentative of the 1 9e.li century concentration. 
This value arose from a study by Callendar 
[|U58|, who examined a number of direct 
chemical measurements made then, ir it is ns- 
s timed that die fraction nf fossil Fuel pro- 
duced CO* remaining in the air was the same 
from IHliO in 1958 as it evidently has been 
since 1958, when systematic measurements 
began at Manna Iasi Observatory, one calcu- 
lates a value of uIhiui 295 ppmv for the late 
PJtli century. 

Recently, a number i>r studies have suggest- 
ed a different picture. Not only may lower 
values uf concentration be mure appropriate 
but the assumptions of relative constancy of 
co ncc in ration in the 1 9th century, and ulTos- 
sil fuel as the only major source, need to be 
reexamined. The eviiicncc for diese conten- 
tions was examined at a meeting in Boulder, 
Colo., June 22-25, 1983, sponsored by the 
World Climate Research Program. (The par- 
ticipants are listed in the Acknowledgments 
and should lie considered coauthors of ibis 
report.) A lull ix-poi l of the meeting lias been 


Climate Processes 
and Climate 
Sensitivity (1984) 
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Geophysical Monograph Series 
Volume 29 

Maurice Ewing Volume 5 

J.E. Hansen and T. Taka hash), Editors 
336 pages • hardbound • illustrations 

Throughout the fourth biennial 
Maurice Ewing symposium, primary 
attention was given to fostering an 
understanding of basic climate 
mechanisms. The unifying emphasis 
of the symposium — and this ensuing 
proceedings volume — was a focus 
on climate feedback processes within 
a hroad range or time scales. The 
30 scientific papers are organized into 
the conventional divisions of atmo- 
sphere, ocean, and cryospherc; each 
section bound together by the 
feedback process. 

30% discount to AQCl members 

Call: 800-424-2488 
(202) 462-6903 (local DC area or 
outside contiguous CISA) 

Write: American Qeophyakal Union 
2000 Florida Ave.. N.W., 
Washington. DC 20009 

Orders under $50 must be prepaid 

SS' ctR *1 ” ccop, ' d 


mued [World Climate Research Program, 1983] 
and is available from the WMO Secretarial. 

Case Postalc 5. CH- 12 1 1. Geneva 20, Switzer- 
land. 

The meeting addressed chemical measure- 
ments in the 19th and early 20th centuries, 
some findings from examination of 1900— 

1950 spectroscopic data, records from ice 
cores, carbon isotopes in tree rings, and evi- 
dence from indirect chemical measurements 
in the ocean. These will be discussed below as 
well as some of the implications of the find- 
ings. Finally, there were some recommenda- 
tions for pursuing these techniques. 

There are several reasons for wishing to 
have si record of atmospheric CO* concentra- 
tions prior to the beginning of the systematic 
measurements in 1958 using nondispersive 
infrared techniques (which are not direct 
chemical measurements). A much longer re- 
cord would be of considerable assistance in 
developing and validating carbon cycle mod- 
els. Such models will be needed to estimate 
future concentrations of COz. Climate models 
would strongly benefit from a longer record 
to assist in verification studies. A concentra- 
tion significantly less than 290 ppmv would 
imply that fossil fuel use has not been the 
only significant contributor to the increase. A 
lower concentration suggests that any contri- 
bution to climate change since the 19llt cen- 
tury clue to COz has been larger than would 
have been the case Imd the concentration 
been higher. On the other hand, a lower con- 
cent ration would suggest a lower climate sen- 
sitivity to CO*. These implications will be dis- 
cussed more fully below. 

Early Chemical Measurements 

There were a number of independent mea- 
surements of atmospheric COa made in the 
IQlli century. (It is curious that there seems 
to have been many more such measurements 
in the last 30 years of the !9lh century than 
in the first SO years of the 20th century.) 

Most of these were made ill western Europe. 

As was mentioned above. Callendar [19581 ex- [ 
amined many of these and selected a few he , 
believed lo have long enough records with ( 
good analytical techniques and relatively un- t 
influenced by local contamination from cities , 
to arrive at his estimate of 290 ppmv as the 
appropriate "pre-industrial'' value, nominally 
about 18811-1890. 

Two sources uf possible error in the early 
measurements must be distinguished: errors 
inherent in die chemical techniques and sam- 
pling erturs. lit principle, the chemical tech- 
niques used were capable of giving values 
within I-2S (3— G ppmv) of the true value, 
bin the precision of the measurements was 
rarely as high as can now be achieved. The 
very large number of samples needed to ob- 
tain reliable mean values and to assess the 
precision were almost never made, and there 
were almost no calibrations against known 
standards. Short of reconstructing die actual 
apparatus used, there is almost no way to 
evaluate the actual measurement accuracy 
and precision of these early measurements. 

We now know a great deal more than did 
the early investigators about the character of 
background COv concentrations. Background 
concentrations show little diurnal variation 
and a clear annual cycle with a maximum in 
the late spring nnd minimum in late summer 
or early fall. There is a small latitude gradi- 
ent in the yearly mean value but a more pro- 
nounced latitude gradient in the pcak-to- 
trough annual cycle with a peak-Lo-t rough 
range of about 15 ppmv at the latitude of 
northwest Europe, diminishing toward the 
equator. In the southern hemisphere there is 
only a very small annual cycle. Year-to-year 
changes are now about 1-2 ppmv, probably 
within the precision or the older measure- 
ment technimies. These characteristics can be 
expected lo be valid in the 19th century and 
so used to evaluate some of die early records. 

Both diurnal and annual cycles in atmo- 
spheric stability can produce a COa record bi- 
ased toward higher values if measurements 
arc made near vegetation. A 21-hour mean 
value would likely show values too high com- 
pared to background, because the daytime 
photosynthesis drawn down occurs when the 
air Is relatively well mixed whereas the build- 
up at night due to respiration occurs wirii a 
poorly mixed atmosphere. 

T lie same argument can lie applied to the 
annual cycle. The atmosphere in northwest 
Europe is stable in winter when photosynthe- 
sis is at a minimum, whereas it is less stable in 
summer. Anunqtauying this arc the likely 
greater e miss inns from fuel in winter. Thus, 
it is nut siii prising that many old records 
(and some modern ones in Europe) show a 
winter rather than a spring maximum. This 
bias, together with the {xissihilitv of a region- 
al contamination Iwrause of fuel use, suggests 
the early data from Europe are likely higher 
than the real background. 

Some intriguing data were taken from re- 
mote locations in the tropics and the south- 
ern hemisphere hy Miniti and Aubin [1886]. 
These data — taken nil togetlier — suggest a 
mean value of about 270 ppmv for the south- 
ern hemisphere. Because they were taken at 
remote sites with little annual or diurnal vari- 
ation by careful scientists, one is tempted to 
accept diem ns bcingbackground data. Bui 
there are problems! The data show a much 
larger latitude grndiept than is. fouqd today : 
(the values decreased from die tropics to 50° 

: South by 20-30 ppmvJ. This suggests prqb- 
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Fie 1 Estimates or past atmospheric carbon dioxide concentrations. A, measurements 
from Mauna Loa Observatory [Keeling el ai, 1982]. These data arc within \% uf the global 
tropospheric mean. B, based on unpublished analyses ul archived solar spectra. C, decadal 
average data from Montsouris Observatory, Paris, as recently presented by Slankill [1982]. 

D model calculation for comparison, extrapolating from "A" assuming fossil fuel combus- 
tion to be the only source of COs. E, analysis of subsurface uccan waters giving ft COv at ihe 
time when the waters were in contact with the atmosphere, approximately 150 years ago 
[Brewer, 1978]. The solid bar represents random uncertainties, and the dashed arrow indi- 
cates a possible underestimate or up to 25 ppmv. F, ait sampled at Cape Horn [AJunfzaraf 
Aubin, 18861- The standard deviation bar for 39 samples indicates that the variability is un- 
characteristically high for southern hemisphere background air. G, typical of model calcula- 
tions assuming 150 Gt of non-fossil carbon released at about 1900 (see. lor example. Eating 
and Penman [1982], Eating el al. [1983], Penman el ai [1983]. H. estimate obtained using 
models to interpret l3 C/ 18 C content in tree rings [Peng el al., 1983]. I, COa concentrations in 
air bubbles trapped in glacial ice, based on results from French and Swiss laboratories [see 
Bamola etal., 1983], believed to be representative of atmospheric concentrations at the time 
or trapping. Average for period A.D. 1 to 1850. J. As “H" but with rings from A.D, 235- 
1850 with data normalized by animal ring growth. Different trees and a different model 
were used than "H" [S/uiuer f/ ai, 1984]. Early observations selected by Callendar [1958] i as 
being representative of background air. Note Callendar chose to exclude the Montsouri* 
"C" and Cape Horn data “F" from his analysis. 


lems with sampling or analytical techniques, 
or possibly problems maintaining sample in- 
tegrity since CO? was napped in sealed con- 
tainers and returned lo France for subse- 
quent analysis. 

Analysis of Spectroscopic Data 

As sunlight passes through the atmosphere, 
the molecules m the air absorb radiation at 
specific wave lengths. The amount of absorp- 
tion is a function of the molecule properlies 
and abundance. Thus it should be possible lo 
determine Lite concentration of CO* bv exam- 
ining (he absorption lines in the solar spectra. 
The analysis of archived solar spectra offers a 
way to estimate atmospheric COa concentra- 
tion prior to the Manna Loa record. The 
spectrum of the earth's atmosphere lias been 
recorded with regularity for almost 100 years. 
The most important of the spectroscopic dam 
were taken as part or the Smithsonian Solar 
Constant program, which ran front approxi- 
mately 1902 until 1956. In this program (he 
spectroscopic data were collected for the ex- 
press purpose of measuring the transparency 
of the atmosphere. The spectra were collect- 
ed almost daily at several sites around the 
world. The bulk of the data dial still exists 
from this program was taken at the Table 
Mountain Station (altitude 2286 m) in Cali- 
fornia from 1927 to the late 1950's. The tech- 
nique for analyzing these spectra is still being 
developed. 

To establish that the spectroscopic data will 
provide an extension of the current record uf 
atmospheric COa concentrations, the relation- 
ship between vertically integrated column 
densities of Co* and surface measurements 
must be determined. Another issue is wheth- 
er the old spectroscopic data base can be ana- 
lyzed with sufficient precision (belter than 5% 
or 15 ppmv) in order to make a useful contri- 
bution. 

The attempt to establish the relationship 
between the integrated column and surface 
meaurements is based on 4 years of observa- 
tions taken at the Kin Peak National Observa- 
tory on an almost monthly basis, weather per- 
mitting. A preliminary analysis of these data 
gave good precision (approximately l%)and 
reasonable accuracy, with an average concen- 
tration of 340 + 10 ppmv For the period 
1978-1981. This is compatible to the average 
concentration of 337 ppmv observed at Mau- 
na Loa during this same period. The data 


measurements which is approximately +15 
ppmv. (Since the meeting, an improved tech- 
nique [S/oArt and Barnard. 1984] lias made it 
possible to separate the errors into random 
and systematic components. For 1941 the fig- 
ure is now 311 + II ppmv. The 1 1 ppmv un- 
certainty is composed approximately of a sys- 
tematic term of 2 ppmv and a random term 
of 9 ppmv.) While these icniaiti provisional 
results, the analysis of this sulnct of the _ 
Smithsonian data suggests iliai the technique 
oilers considerable promise, and the meeting 
participants fell it desirable to attempt to ana- 
lyze all available spectrograms. 

Past Atmospheric CO* Record From 
Ice Cores 

The process ul trans lot tiling snow to ice on 
glaciers and ice sheets traps air within the ice. 
Below a certain depth the trapped air be- 
comes isolated from the aim»w|>here and so a 
sample of "old" air ran be obtained whose 
CO* content, should under certain conditions 
relied the atmospheric composition at die 
time of ice formation. 

Great care is required to extract the air 
front these hubbies in ire cores and to mea- 
sure their GO* content. In addition, mere a 
several problems in intci preling the resulting 
data. The GO* tut urn lint Inn of die ciicloseu 
air may differ from the original atmosphere 
because of vai it ms physical and chenijcal pm 
ccssnrs. For example, ii the surrounding ** 
has been subjected to melting and rc f rccu P 
during its lifetime, spurious results can « * 
tamed because tii ilie high solubility nfCm® 
water. The core drilling process itself may 
traduce problems particularly If the core 
fractured. Some of these problems can ne 
minimized by selecting iinfracuired cor “ 
from very cold sites with no summer meim»- 
When selected in this way, the COs reoncen- 
t radon in the bubbles should not d liter 
that in the atmosphere by more than 
ppmv. . . j a[e 

Another problem arises in assigning 
to the sample. The trapping of the ® ir 
during the lime interval corresponding ^ 
lime required for the firn to become • 
typically takes 100-1000 years, depend mg 
snow accumulation rate and tein P^ ra . ' jgj 
Neighboring bubbles may have difte , 
depending on when a particular bu f., 
occluded. Although the age of the su 
mg ice can generally be determined , . 


also appear to contain a signal due to the an- ble's age can differ by 100-1000 years rp 

nuai variation of CO* concentration. In sup- this age. The time resolution of a sailip . ■ 


poi t or this effort, flask samples of air for 
separate analysis by National Oceanic and At- 
mospheric Administration (NOAA) have 
been collected in conjunction with the spec- 
troscopic program. 

A preliminary analysis of the historical 
Smuluuninn data gave encouraging results 
but was clearly subject to systematic errors. 
The source of these errors is almost entirely 
the incomplete knowledge of the spectrobolo'- 
graphic equipment used. in the observations. 
The two dominant sources of systematic error 
nave been identified as scatered light in the 
instrument and poor knowledge' of how the 
instrument was actually operated. . i 

. The most iniernally conitisient analysis thti's 

,n7?Si Va iie5 0f ] 31 , 2 and 316 PP«P for 1985 
, and 1941, respectively. Thejie values are ' ; 


this age. 1 he time resolution o. « ---- 1 nC | 0 . 
determined by the duration Of.ihe g 
sure process, and there remains so 
versy about the assignment of a spetm 
interval For this duration. \ -...be 

• Despite these uncertainties, wnicn 
reduced in the future, bubblts ln 0 f u a t- 
probably the most reliable sannpl 63 c 
mospherlc air. An encouraging f* 5 h- tw een 
from an interlaboratory conipunso “=^ 
the groups at Bern and Grenoble . . 

ai, 19831. The results; front the ^ . r | i(n . 
cores were within the experiment^ .. 
it of 3%. Results obtained i in l 
tories gave mean atmpaphtric con _ _ e jn . 
between 258 and 270 ippmv R50 yeiY 

terval between 500 B.G. arid.AiP*^ 
recent measurements -wilh'8 n6 w t ' - .v;,e 
technique at Bern, however. sUgjt ■ 
values m?y be tob low hy abouf ajjition. 1 ; 


. ,i ■* , . " r- mc lecnmque at uern, iiuws«v„ 

S frbm tbe l ' values m?y be too Ibw by abc 

Ehhjn T e valu L « are : ; ■ FbVdier inYbsdgaiion ^ 
” 1th,n th f qfjhde: ^reitmm^ryl.'resula su - J *“' 

* ■ ■: 4 . j - • 
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illations on the order ol 10 ppmv could have 
occurred during the A.D. 1500-1850 period 
[Raynaud and Bamola, 1984]. 

CO* Values Derived From and 
Records in Trees 

The history of the ,4 C/ IS C and l5 C/“C iso- 
tope ratios of atmospheric CO* provides ad- 
ditional information on past changes in atmo- 
spheric COs content. Different information is 
derived from the two isotopes. Whereas the 
stable IS C and l! C are of primordial origin, 
the natural I4 C currently encountered in our 
carbon reservoirs is produced by cosmic radi- 
ation in the upper atmosphere. The half-line 
of l4 C is short enough (5600 years) so that no 
l4 C is found in fossil fuels.[ql The M C/ ia C 
history oF atmospheric carbon reflects 
changes in the size of, and exchange rate 
among, the various terresterial carbon reser- 
voirs and the variable l4 C production rate in 
the atmosphere. 

With the current available knowledge of so- 
lar modulation and earth geomagnetic 
change it is possible to calculate, with the aid 
of a carbon reservoir model, the natural at- 
mospheric l4 C levels of the 19th and 20th 
centuries. The deviation between these calcu- 
lated U C concentrations and l4 C measure- 
ments in tree rings is attributed to rite lower- 
ing of H C concentrations by l4 C-free fossil 
fuel Co* release. This N C lowering can be 
followed up to 1952 when nuclear bomb test- 
ing added large quantities of M C to the atmo- 
sphere. 

The calculated amount of l4 C-free fossil 
fuel CO* needed to explain the ,4 C record 
agrees with die COz emissions derived from 
fuel production data within 10%. This agree- 
ment points toward the reliability of the car- 
bon reservoir model used. 

In assimilating carbon from the atmo- 
sphere, photosynthesis discriminates against 
me heavier carbon isotope ,S C. The IS C/ ,2 C 
ratio in organic matter is about 1.8% lower 
than that in the atmosphere. Fossil fuels, be- 
ing formed from organic matter, have a simi- 
lar l3 C deficiency. Thus changes in ihe size of 
the biosphere should introduce changes in at- 
mospheric ls C/ l! C ratios, and so a history of 
these changes should give a record nf CO* 
added to or subtracted from the atmosphere 
because of changes in the size of the bio- 
sphere as well as by fossil friel combustion. 

The IS C/ I! C. i ccords of tree rings are used 
to derive the atmospheric l5 C/ ia C signal. The 
tree isotope ratio not only reflects the atmo- 
spheric ratio but also a variable fractionation 
against the heavier l3 C isotope during plioto- 
svntliesis. For an accurate interpretation of 
the l3 C/ l2 C record of trees, the methanisinfs) 
that induce variable fractionation have to be 
understood. The rate nf assimilation, leal 
conductance and atmospheric CO* pressure 
affect the l3 C/ l2 C ratios in plants as well as 
the number of leaves. Tims, it is not surpris- 
ing that a multitude of ^C/^C trends lias 
been found in trees from the past centuries. 

C/ IS C records from trees from Pacific 
coastal sites (53 0 S to 58*N latitude) [Sluiver el 
ai, 1983], yield model calculated pre-indus- 
trial atmospheric CO* levels averaging 276 
ppmv for the A.D. 234-1850 interval. Appre- 
ciable interrlccadal variability exists, however, 
running from as low as 230 ppmv to as high 
as 310 ppmv. A substantial portion of this 
variability probably results from tree-induced 
variations in the l: *C/ ia C record despite at- 
tempts to eliminate some of them. 4 C/ ,S C 
records from mainly European and eastern 
1- -S. sites show a larger biospheric signal, and 
the model calculations of this signal yield an 
atmospheric CO* level of 242 ppmv around 
A-D. 1800 [Peng et al., 1983]. (A recent re- 
mo l '. 0n k)’ l l ,e sa| ne authors [Peng et ai, 
1984] yielded a value of about 266 ppmv.) 

The same l3 C/ l! C record, when used in the 
Muiver et al. model, yielded a pre-industrial 
value of 230 ppmv around A.D. 1800. Thus, 
mode] differences can lead to differences of 
ihe order of 10 ppmv in calculated pre-indus- 
mal CO, content 

Ocean Chemistry Evidence for Pre- 
Inaustrial CO* Concentrations 

There have been recent attempts to detect 

e 006311 OOs increase by examining con- 
emporary ocean CO* measurements. One 
cneme used by Brewer [1978] is to calculate 
J"! P art »l pressure of CO, (pCCh) of a deep 
rath 0 Y ater sam P* e “far correction for the 

T* r lar 8 e changes due to respiration and 
in °? naie dissolution that have occurred dur- 
^ ‘he waters 1 history. The result is an esii- 
wai **>■ ac h* e ved by a particular 

Th er 8a ™P ,e when it was last at the surface. 

e rc quiremenis for the calcuiadon are: (1) 
Cn'raf measureme nts of alkalinjty and total 
can* ■ , ani ounls of CO* in all its inor- 
‘^hemical forms); (2) the ability to calcu- 
(3) a extem carbonate dissolution; and 
e rr^ cciirai ® knowledge of the respiration co- 
total rn w **' c h « the ratio of the change in 
lini.oi! * f° tJie c hange in 0z (This is conven- ' 
dan™ p a cu * ate d from the relative abun- 
0 , ' ° prhon, nitrogen, phosphorus, and 
heSSfilj 1 ] 1 * Rec ^ e ^ r ^ l ' os ) is taken to 

avaltlli mQ5t accurat e, and detailed data set 
the n 6 comcs rrom the transient tracers in '• 
waiprf? n N6rth Atlantic Experiment. Deep 
latiinw t rnicd main ly at the surface in high 
iheso " P enelrate into Ihe abyss. The age of 
waters can be assigned quite well, both . 


trom their radiocarbon content and from the 
penetration of bomb-produced radionuclides. 

The GO* system propenies have also been 
measured in these waters. Applying the calcii- 
latiun scheme of fi,nwr[ 1978], modified to 
correct for die effects of phosphate and sili- 
cate. one can derive an “initial £COa" for 
these waters. A value of 265 ppmv is calculat- 
ed for water about 150 years old. How accu- 
rate IS this result, and what does it mean? 

The nutrient, salinity, and temperature 
measurements are highly accurate. The alka- 
linity data have been subjected to indepen- 
dent checks and appear to be accurate to 
0.15%. The total CO* data used here have 
been determined by potcmiometric titration 
and should be treated with caution. Indepen- 
dent checks against the highly accurate gaso- 
metric procedure of Keeling show a complex 
small error in the titration data. The source 
of this error is not yet clear. Applying the 
Keeling total CO, correction would result in 
initial pCOi values in the deep waters as low 
as 258 ppmv. 

There are other sources of error. Further- 
more, the descending surface waters, formed 
in wintertime, may not be exactly in O, satu- 
ration equilibrium with the atmosphere, as 
required by the calculation. The error from 
this source is, however, likely lo be small. 

The largest question is how to interpret 
this number. 

North Atlantic waters are cooled faster 
than they can achieve CO, equilibrium widi 
the atmospheric and may sink before achiev- 
ing equilibrium. Biological activity further 
lowers pCO». Thus marked, CO* disequilibria 
are found in northern surface waters. It is 
not known what die pCOa “label" or the deep 
waters is at Lhe time of their formation since 
both surface and intermediate waters, which 
have equilibrialed with the atmosphere at 
other latitudes, are likely entrained in a com- 
plex and unobservable process. The likeli- 
hood is that newly formed North Atlantic 
deep waters descend with a pC O* value less 
than saiuaration equilibrium. 

The estimate of 258 ppmv GO* for waters 
of 150 (+50) years or so age in the deep 
North Atlantic is thus a lower limit for the at- 
mosphere. 

It would, however, he hard to reconcile a 
value a great deal higher iliuti this with the 
oceanic data. Values of 290 ppmv. for in- 
stance. would present considerable dilficiil- 


COz Variations During the last 50,000 
Years 

Ice cores can be used to extend the CO* re- 
cord back over the last 50,000 years. The 
main k-.ittucs me Imv GO* values l.ibmit 2UU 
ppmv) during the Iasi glacial maximum, 
around 18,00(1 BP, and a rapid increase to 
values which generally remained within the 
interval 260 to 300 ppmv during ihe Holo- 
cene [Berner el ai, 1980; Delmu el ai, 1980]. 

One of the most intriguing pieces or infor- 
mation was the recent measurements indicat- 
ing that during the last glaciation there were 
several occasions when the atmospheric CO* 
content changed between about 180 and 250 
ppmv [Stauffer el al, I984J. The time needed 
to shift from one value to the oiher seems to 
be of the order of only a few centuries. This 
fact sliuukl be considered, not only in 
alempis to understand the basic regulation 
mechanism for the atmospheric CO* content, 
but also in the assessments of climate implica- 
tions of the current period of observed COz 
increases. 

Discussion 

Each of the techniques for estimating the 
older COs values has shortcomings. In some 
cases the estimates could be improved by fur- 
ther work and likely will be. The group felt 
that further study of the older chemical rec- 
ords since about 1860 in the light of our 
knowledge of the characteristics oF back- 
ground data could produce better estimates 
or at least put more stringent limits on the 
values. Continued work on the spectroscopic 
data uras encouraged with consideration be- 
ing given to determining the ratio COz/Oa 
from the plates to help eliminate some of the 
errors. Spectroscopic data could be particu- 
larly valuable in filling in the period between 
1900 and 1958. 

The ice core analysis currently seems the 
best method for determining the pro- 1900 
values and is the only method available for 
obtaining values back many thousands of 
years. The continued study of these cores was 
encouraged with some thought given to the 
improvement of the experimental accuracy, 


to on-site analysis to quantify the gas trap- 
ping process and to eliminate contamination 
during shipment. 

The carbon isotope data Froth tree rings re- 
main tantalizing because they offer the possi- 
bility of determining the biospheric contribu- 
tion to atmospheric CO* Tor many 1 centuries 
dr millenia in the past. Efforts should be , 
made to reconcile the differences among Lhe 
various attempts to use the . Cl G rauos. 
BetLer understanding of physiological effects 
in isotope fractionation or methods of elim- 
inating their effects in the analyses are need- 
ed. 

At present the results of COz reconstruc- . 
tipn from ocean chemical data are ambigu- 

ous. but die technique despryes continued ef- 
fort. A suggestion, to examine isolated seas, 


such as die Red .Sea, might be fruitful as they 
have a single deep-water formation area and 
fewer problems with disequilibrium. 

Figure I represents a summation of die re- 
sults considered at the meeting. Despite ques- 
unns and uncertainties associated with each 
estimate, the group was impressed with the 
convergence of these techniques on n value 
(or values) siugifiranily less than 290 ppmv. 

It was a general conclusion that the mid 19th 
century values were nut very unlikely lo have 
been less than 250 ppmv or much greater 
than 290 ppmv. Somewhat subjectively the 
group felt values between 260 ppmv and 280 
ppmv were the most likely prevailing CO* 
concentrations during the mid 19ih century. 

In addition to lower values in the last cen- 
tury, several oLher conclusions were drawn 
from our deliberations. It is probably mis- 
leading lo refer to a single pre-industrial val- 
ue in the last century. The group could not 
plot a curve of most likely rate of change but 
it seems quite possible CO* was increasing 
with time in the 1800's. Reaching back fur- 
ther in time there was evidence Tor natural 
fluctuations at least of order of 10 ppmv in 
the last few centuries. On the much larger 
dme scale of ice ages, duct nations or perhaps 
100 ppmv are likely. The causes for these 
fltict nations remain ubscure but changes in 
ocean circulation and biology arc logical can- 
didates. 

Implications 

The meeting pailicipauis discussed some uf 
the implications nf these findings. First, of 
course, is the conriiisUiii that 19th century 
concentrations below 290 ppmv imply that a 
non-fossil fuel source must have been in el* 
feet. A value near 270 ppmv would imply this 
source was us large as the fossil fuel source 
between i860 and 19liU. This source is most 
likely the terrestrial biosphere, a contention 
supported by the isotope records. 

As mentioned above, a back extrapolation 
uf the Mauna Loa record, assuming a con- 
stant airborne fraction of the lossil GO* in- 
put, yields a calculated pre-industrial value of 
about 294 ppmv. A mure sophisticated luick 
extrapolation uses carbon cycle models, cali- 
brated by means of the observed oceanic dis- 
tribution of either natural or bomb piodmed 
l4 G. On die basis of the known lossil fuel 
GO* production rates, these models generally 
predict an atmospheric increase sligluh hug- 
er dun the observed trend Ironi 1958 nn- 
waitl. Therefore, a (sni.ill j additional sink, 
typically ol a hoi it Hi% of the fossil lucl pro- 
duction and in uddilioii «, the oceanic COv 
uptake, has to be asnmed for these carbon cy- 
cle models to reproduce the observed trend. 

Willi one ■»!!■ 1-. i i 'h 1 .i lnwvi I'tih (f-tmin 
value le.g., 2bfi ppmv in 1820) implies a nun- 
fossil source large in the I9lh century and 
declining from PJitU tu near zero (but posi- 
tive) about 197U. In this case the model is 
thus able to reproduce the post-1958 record 
without recourse tu a biospheric sink. This 
example suggests that lower initial CO* values 
may help solve a problem or current carbon 
cycle models. 

The possible occurrence or significant fluc- 
tuations in the past gives additional problems 
for carbon cycle modeling, however. If for- 
ward extrapolation with assumed fossil fuel 
sources is usedto predict fiiLure atmospheric 
concentrations these other, as yet unidenti- 
fied, causes of fluctuation will need to be un- 
derstood. 

There are implications for the determina- 
tion of die response of the dimate to in- 
creased COs. It was noted Lhai if the concen- 
tration in 1880 was lower than previously as- 
sumed, then there has been a larger effect of 
CO, on die climate of the last 100 years than 
if the concentration had been greater. A sim- 
plified model was shown where the equilibri- 
um response to a doubled CO* concentration 
was taken to be 3.2°C and an effiecuve ocean 
heat capacity calibrated with bomb-produced 
M C data was included. For an initial concen- 
tration of 297 ppmv the model [Siegenthaier 
and Orsdiger, 1983] gave an 0.26°C warming 
by 1980 whereas with a 265 ppm initial con- 
centration, the model gave a warming of 
0.62 D C. Furthermore, the time change of 
temperatures with the lower initial concentra- 
tion appeared to lit the northern hemisphere 
surface temperature data of Janes et al. [1982] 
better than that starting with 297 ppmv. Nev- 
ertheless, the temperature record is nm fully 
explained by CO, only forcing and indicates 
that global temperatures have been influ- 
enced by additional factors. These factors will 
have tube better understood before the in- 
fluence uf CO* am lie extracted from the 
temperature records. 

There is another implication nf relatively 
low 19th century CO* concentrations. As 
pointed out in a recent review of the CO* 
question [Carbon Dioxide Assessment Committee, 
1983] an ocean respolise time of 15 years and 
a warming of 0.5°C up to 1980 can be com- 
patible with an cmiilibriuni temperature 
change of 4.5 e C for doubled COz con centra- 
lions if the CO* concentration ivas about .300 
ppmv in 1850. If the 1850 concentration was 
well below SOQ ppmv. and other furring fac- 
tors did iiol intervene, the equilibrium tem- 
perature change must be below S°C (as low as 
1.50 if Lhe 1850 concentration was 250 ppmv) 
to avoid inconsistency with the temperature 
record. It is that temperature record and the 
Carbon. Dioxide Assessment Committee esu- 
rnaie that ihe 19th century COs concentra- 


tions were lower than 290 ppmv led them lo 
conclude that the equilibrium climate re- 
sponse to doubled GO* was more likely in the 
lower half ( 1 .5°-- 3.0°) or the range suggested 
by the climate models. 

The implications for carbon cycle studies 
and Fot validating climate models point up 
the desirability of establishing the time record 
of atmospheric GO* concentration much bel- 
ter than we have been able to do here. 
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••ii.vpt ibi I uv i onr rant , Ij.h rloe.-maiv .oniriti i, 
aitowod w v«, i n4 \\ tdua \ l v . Ihoi .% ivMiut 

Jittribm Ion i, ...npuir.l. 

The avar.h for thla Find ol aotuiion Irada in ganaral 
to gaalagically awrn appropriate bedlwa, but eveaptiona 
do ctur. In thi a paper, tha ie«hnf<|,ie la broadened to 
J||. 1.J I- [hr h I >r v-.l-o tor.t ointoialr, -lie m.o.- .i •■[ 

mania van reapw. t i w [be .onior .r ,ra»lLy or wnr. 
reape.’i to a given dip line paaaln* th,ou(h ii. The 
mulling atrurtoraa are both deeper nod Tore conpaci, 
pre.iaelyaa ia required lnapaclfu caaea. Thooreii.al 
and a-tuel wreeplea iltuairaia thla fteaibte inveraton 
le.hniqua. 
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HAOIO-FREODIMCV CtOTOMOOBAPHT FOB REMOTELY PHOBINC THE 
INTEPIOSS OF OFEBA T I MC M l Ml - AND COHNf RCUL-S 1 ZED 
OIL-3IIALE PST0KTS 

Stephan F. Sonaraiatn (Oc.ldenial Xuaearch Corporal ten. 
Irvine, CA 9271). Correa pond, nr a rdgarding thla ail Idle 
ahould he aanc to S.F. Soaeraiiln, lb* Creel. Laguna 
teaih, CA 92UI l Mika Berg, David Chang, Hwang ebiing, Hal 
lohnien, lilt Bichardaen, John PiaiUara, and Wlnliald V. 
Saliaburv 

Croaa-boiehut* , radio-fraquemy laetemiraplia wera aada 
aernae two dl ffatant-al aid, operating, aaparicianc a I , 
underground, io-eitu, ail-ihala retort a. Tha tomographa 
tehun of the ualler retort ware of a plane 16.7 a wide 
br 18.0 b high billeting cha retort. Tha TeaeureBenii 
ware taken al a frequoney of 26 HKa ranged froa 0.A0-0.46 
O * 1 ai roe, the coot, uhrdbbtaB, ailt-ptLLaT, and balwaen 
0.60-0,70 oT 1 high-iesperarure 170-700 , C aona. laaga 
reaolullon vaa approMlaetely I a, The algnal atranuailon 
acroaa tha tower ratart region uai alio found to 
corratati well with lha noveour and concantratlon ol 
enndanted viler. The conventional algebraic deconvolution 
sal hod I ART) via nodi lied lor United parapet! ivo and 
finite bean width, and gaaa riaolta which ucie In good 
•graenani with tharnocouple data. 

The naaiurenanla Bade on tha larger taiorl wera lahan 
over a period of 11 dayi of retort burn and eappad tha 
attenuation coeHic tenia in a vertical plane 90 n wide by 
AS t high at a frequency of i.S HRa. At ihia frequency, 
altanuatlnn coefficient* in the coot, dry retort region! 
wera bee vela 0,12 «d 0.IS e" 1 . 9o»» additional ef facta 
on ihe atlanuitloe **aeute«eota vara obaarvad doa to 
naarby theroocoupta piping. Thn oova*anl of tba oonlouri 
of ittanuaiinn eoafficlant wirh tioa followed taaparatura 
ohangaa, though the paucity of theraoeouplai tn tha 
tonographylc plana only allowed a aarginal correlation to 
ba nadr. 

Overall raiulta awggaai that radi o-frequency 
geoiomography can ba a uaaful tool lor napping In-aliu 
Boiatura eoneancratlona and taeperatore tronla In an 
operating in-altu oil-ahata retort. 
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LOW- ALTITUDE AZIDHAIjDBTIC RKflHNAlSSAJiCE Fffll PETROLEUM IN 
THE ARCTIC NATIONAL WILDLIFE BZPUC*. ALASEA 
Terrance J. Donovan ID.fi. Oaolagieal Survey. **» ®“ 1 * 1 
Drive, Flagataff , Al 8600IJ John D. Hendrick*. Alan *. 
Roberta , end Patriola Tenutn Eliaaoo 

Variatlona in tha Barth 'a aagoatlt field art a ing free 
local concancrationi of .hallow niMwIMs ' eagnatita were 
eappad In tba Arctic Rafloaal Vtldllfe ■< •>■• >>< 

■ liawhara lo northern Aleak*. Tha anoeallaa ware 
del loaned with a Mgnetlc horlaontal gredtc^teruountad 
on a lov-f tying \X0 ft or -90 » above ground! flRed-wIng 

■ ir plana. Llelt.d data free .table c.rboni aotop. and 
raennant Mgnatim niiauraeanta of rock eoraa free the 
Capa. B legion region atrongly auggeac that tha i aagi netle 
monel ia* roiult froe tha tbaeleal raductlon of iron 
ex Idea tn tha prolific* of aaapln* h ^”“'?°"Ve.nI 
eagnatlc. coatraat batwaan a.dleantiry r«k* of ""” a ''j 
low ugnatlc abataptlblllty and 

with thla eplganeilc eagnaltl* »»!(•> 
hlgb-vavenunbar and tow-^ltlod. total-n.ldenoe.ll*.. 
Hagnatoaatara eitanded ftM a«h vlog tip and Jo a 6*11 
atiogar pemlt, r.Uuli.Uon.ol thcr.iultHi 
• •radiant rector relative to the Flight pern • 1 

caloulacipn allow* eora ■..nlngh! lot.r^latlon or data 
for cha unaervayad area batwaan adjaeant flight, itqai 
■pica at 1.0 alia U.S Wi aU ‘“' i, ' a ii«i 

of actoratw eoaputar-.nh.ncad ieagae oi eapa. 

, ; 5 ; : 

JsgSIJ£iS*3 

gti in thl'a harah anvlrefleeat: 

0WFNFSira.TOL49.BO.fi. 


D92h NagniLtc and electrical aeiboda 
IKHiUED POLARIZATION OF SHALY BANDS 

H. J. Vinagar iShall Develdpaent Cocpany, lollalre 
Aaawar.h Center, Mil lellairw Blvd,, Houaton, TX 77001 1 
H. H. Unman 

Equal tana have been dweloped that relate tndu. ed 
polar I ..it Ion IIP) In ahaly aanda ro owarur.iblw 
pot repn,alcal pnranetara. The indveed-po I ar i . at 1 on 
pro.tfia ha* boen hide led in tvrea .if two B-ch.iniaea: clay 
counter, on diapla' ee«-nt and aenbrane Thw 

real, I fin* aquation* . w he uacd lo dwtwrnlne ahnllnna, 
biinr cenjuri ivltr, unJ oil iniurct l«n I run m-phae.. and 
A',l-of-ph,«» • wnJuc tivitlea. Laboratory a-aaiironent a havw 
CunlirM-d lha IP duprndwnce ..n theew vanablva, .re well 
it ox lenpwr.iwie. 
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0420 Magnet I, .m l ■■l.-ir,..! v..'iheda 
CVOBS-H'-LE M*..4ET''iMET«IC aESlillVUV iMMRi 
M.N. Nabijhian fNcmynt Eaplxruivn Ltd., .'fn'i W. Uticri 
Shy Fxid. Tik a.«n , AZ HST0C.F C.t. fippilgrt, *.N. EdwarJa, 
8.H.H. Lw, and S.J. Chaoioar, 

thn l.ia« de.-idn haa . ,r'vin[ awwp, .,n - c. f I a,— 

r. ' 

wjpl ,r*l toe le. nniq>i« In variuua *..»]w|i- env i r-natai.l I. 
L'nl 1 1 re. emu, MMR «apluretion wan ..irried out with h •*»• 
current electrydiia nod re.urdin* njgnet.'e.tir 1 mated on 
the Xurfa.e ol the Earth. &t«niftcant lopr.-vumcnt a In 
anonalv asplitudw can br achieved by lowering tho 
retarding nigneionetwr inaido a drill hola. In contraat, 
tho lowering of current ale.trodea beneath the aurfaco 
dove nor alwara Improve aurfaca MMR reaponsaa. 7he 
advent aaea of locating the magnet tu do tec tor In a drill 
hole ara 1 1 (unrated miner I tally , nnoealy taUulailooa 
being carried oul with a novel yac aieplc integral 
equation Laiholqua for a platr-like body. The 
practicatiiy of the cron-hole MMR tachnique ia 
demon*! rated with a aucctviful caae hiatory. Maiatve 
aulfide Qlnaraliltion I* sapped at a depth exceeding SOI 
at. 
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AUTOMATED INTERPRETATION Or A1RR0FNE *LECTR0NA«SlTIC DATA 
C. T. DaHoully iPormerly Engineering Gooaclence, 
Dnivwra Icy of California, Berkeley; preaani ly Cbwwroo 
Geoac lencae Co., P.0, Boa AZB12, Kouiton, TA 772A7) 

A, Backar 

Recant ImpioveBunie inaquipoant quaitty make la 
poaaibla to Incraaaa tho uiafulnaea of airherna 
■ lact romagoet Ic tCM) ayatama in araaa of modaratw 
electrical cooductivity for the purpoae ol canatructlng 
alapla electrical proparty eapa which can ba related to 
aurflclal gaalogy, Thla application of airborna 
elect romagnai ica way be demonatraced and evaluated ullsg 
Berrlagar/Queaior Hark V[ lopui aureay raauUf in place* 
where independent vwrl Ileal Iona of cha airborna data 
iolarpretatlon ara available. 

For thla poepoaa wa hava davaloped a aet of computer 


alter I thn* which trail digitally murried Input -lata and 
interpret tbeie auiorii l.'.l Iv in tersi of a afnr lr 
Bla.trl.nl lactlon ah. I la defined by n alnale ,onJu> flvu 
layer fhichnwan, i undue c iv It y, and aubaur foe r dapih 

are dclcrnini-d Iron the Hale. By. . ana. tfua la.hniq.io ia 
{'■really beard on « aar-ilina. Uml , I hr ee- I ap.ir , 
threw - pa r inner , ho, I ivural ly nttatlflrd earth di.IbJ, I. 
I* ..nly appl i c abl" In rnyiona uh.-r.- ihv aurll.lal 
(■•[mailwna ntr mildly dipping niM thn COnlm-liVr la»va 
...vrrvf bv, and rest a "'n, highly r.-aiailvr riLrilll. 

The inlrrptrt oa inn ^r*hnd ia illoatanied b» , hrrr |i-lf 
wannplna. Al Ihr firet lirll aurwp »ia», in Alhwit.i, 
Canada, tirboinr EM I'jfvwy Xat-i are uBrd In nip ib«- 4. c>a 
•,l me inierfd. w kivnn .nirir .in.l .la..-« r.inl*. E.u 
• ton a le.ond a.iivx. »lty. tliia cliw m In- Henan, t'-A, 
aru I nc crpra I u d r yield rh« aecm-n ■■ f a •.ihv oil., 
vat lev 1 1 llwi with . I.ndu, ' ■ v* .lay. The f.nil .y.iopl. , 
l abnn Ir-n Briliah rolurbu, Cin.i.la, l-.v .lv»* th.- nilpm, 
of all the ihrer porwn-lvra f >r j V'.'tir.d v-.|, an , ■ 
unit . 
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) I ► v H M F F (Lull'. WAVE MIoKAMON F'Jr flit •. r>E '••7 
:IUNi.»lm IDCNf S' 'UPC C AMD RECEIVER 

John I. Fuo lAldridga Laboraiorv of Applied iln.ph vai- » , 
Lc-iucbu Vniveralty, Tfaw York, TTf IOOJM lmg-tan Dai 

In taking Into Ai.-omni both cvnproia tun. I 1 Z 1 and il.vur 
<51 wavei, m.>ce gcoiugi. Informal ivi .an litaly hw 
•atra.ted Iroo iHw avtamc da|.i. Thw preaen»* uf ahaor 
and onverted »h»ar wavea tn both (and and oartna arlani, 
data recocdinga cal la for tV.u dwvr iopnnnt uf elaaltc 
wave-ni grot inn niM., Tha migration sathod preaani l v 
devalopal conalita or fimultanvoua sigraiion of f-and 
S'— wav.,* for offaat aulaoti data baaed on the 
Kir.hhoff-Belrdiml t a type iategrali (or elastic waves. R 
now principle of alcnill anaoua Iv migrating both P- anj 
J-»i<ca It introdu.ai, 

Tha prwacnt method, named the KircHhoff elaaa i* wave 
migration, haa boan teared ualng thw 2-D aynthetic 
■■irfaca data calculated from aavaral elastic ccidwla of a 
dipping and boriaonlal layer, and two layari over a 
half-apacw. He reaultr of theaw testa not only teauie 
the faaalbilUy of Ihia migration scheme, buL alio 
diaonat rate that aohanvad Images in tha migrated aectlan* 
are well Inroad. Moreover, the aignal-la-noiaa ratio 
Increase* in ths ailgrated aaumic aid lea by thta eLaafic 
wava nigratlon, as compared with that using the Rirchhoff 
acoustic IF-) w*va migration alone. Thla migreLmn achena 
haa about tha same order of aaneltlvllj at migration 
velocity variatlona, if 7- and Pj vary concordanrly, to 
Ihe recovery of the reflector ee that ol tbe Etrcfaboff 
acoustic fP-1 wave olgr*tion. In addition, the 
aeneitiwlcy ef laaga quality (e the perturbation of fj/V. 
has alio bren icaiad by varyleg etthsr P, ar V-. Par 
varying 7, twlLh 7. fiaeil, the migrated imagel are 
ytriukliy unaffeetbd oa the a, depth section. For varying 
(with P, fiiedl, the migrated image* ere effected an 
both tho u. end k u depth aertione. 
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Teptln G. M. On the Long-Period Oscillations in the Atmosphere 

Datsenko N, M., Perfllov V. h, Sonechkin D. AI. Method for Calculating the Natu- 
ral Components ot Meteorological Fields 

Granberg 1. G. Spatial Problem ol Flow of Incompressible Stratified Fluid over 

an Obstacle (Numerical Modeling) 

Tserenko V. M, Model Calculations of Eddy Dlffuslvlly ia tbe Neutral Atmosphe- 
ric Surfaco Layer -••••■«• 

Burman E. A., Ivua G. P., Fllonov A. E. Tbe Use of the Spectral Analysis for 

Estimation of Soma Ctwocterlsllcs of Breezo Structure . 

Kwnln B. A., Tfolnlkov V. S, SpeciflcaUou o[ tbe Radiative Modal ot lUe Stratus 
Zaae E. P.. Cbaikovskaya L. I. Matrix Coefficient of Radiation Brightness Reflec- 
ted by Soml-Inflnite Absorbing Medium with Strong Anisotropic Scattering 
Function • •> •• • • •• • • ■ 

Dolin L. 8, Characteristics of .n Conflnod Light Boaro in on Absorbing Medium 
with a Narrow Scalterlng Phase FunoUon . . ... . . ... . . . . . 
Zakharov V. E,. Zasla^ky M. M. The Dependence ol Wave Parnmotere on Wind ; 
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Gabrielyan A, G., Grechko E, I., Dfanov-Klokav V. I. Spectroscopic Measurements 
of tho Total CO, .Gilt, N*0 Content in the. Arctic Atmosphere . 1 . . , . 

Arshinov Yu. F., Bobrovnikov S. M. Remote Sensing of the Atmospheric Tempore - 
lure Using o Pcre Rotational Raman Lldar . . . . ■ . ■ > 

Anisimova E. P., Makova Y. I., Speranskaya A. A., Tiigeyeve M. S. On the Momen- 
tum Transfer from 'Wind to Sea Waves ........... . ■ ■ 
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Chapman Conference 
on Vertical Crustal Motion: 
Measurement and Modeling 

A Chapman Conference on Vertical Crustal Motion: Measurement 
and Modeling will be held October 22 —26, 1984, in 
Harpers Ferry, West Virginia. 

Convenor: William E. Strange 

This conference will bring together scientists who measure vertical crustal 
motions and those who analyze and model these motions with the primary 
objective of obtaining close interaction between the two groups. Emphasis 
will be on vertical crustal movement in North America. Questions to be 
addressed will be (1) what are the accuracies and error sources associated with 
each data type? (2) What is the extent of the current data base? (3) How 
accurately do we know vertical crustal motions in North America? (4) what 
are realistic expectations of contributions from space systems and other new 
technologies in the next decade? (5) What is the current status of modeling 
vertical crustal motions? (ft) How important is vertical motion information to 
understanding and modeling earth dynamics? (7) What are the measurement 
requirements to support modeling and analysis in terms of temporal and 
spatial density and accuracy? (8) What are the most critical deficiencies of 
vertical motion data relative to modeling and analysis? 

Tliere will be invited and contributed presentations. The Call for Papers 
was published in the March 20, 1984, issue of Eos. Abstract deadline is 
August 1, 1984. Abstracts should be submitted to the American Geophysical 
Union. 

For information on the required abstract format or further meeting 
logistics, con lad: 

AGU Meeting Department For program Information contact: 

2000 Florida Avenue, N.W. Dr. W. E. Strange 

Washington, DC 20009 NOAA/NOS/CNGS/NGS/N/CG11 
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omeTMMPL ' u, * v ' U Jiirasw?' ismcR A* l kutrapolat ion abb higrat i o« ot 

Thom*, f. full-lit lUulf Oil Exploration ,a-l Production hmPLAHSR ®* T * . n . , . p 0 

Co., P.o. B.-W *|J90, New Or loan • , LA 701*1] K . Kichsla 4. M. Higgins iftllf BriMC.Ii end Buveloprj.nl Co., P.0. 
. ' Bex SWH, Ufluiien, TX 77I1&J 

Th, .fleet peon I le a dt.pl.v of basic e,i»l( d«l* Th* *«■ ■>* Klrchhof! mtwRral ward for 


for 1 7(I4H , Mention, TX 77114) 

The fora of the Klrchhoff integral coiMionlv uacd foi 


Smuc 1 ' Thmmmic VELOCITIES, A VERTICAL SEISMIC 

Robert ‘ r 1 - Ite-rl iFormarly MtfO Oil «f to Co D.lln.i 
prwiantly Chevron Geoiciente* Coap.ny. ' **“' .'and 

Calgary, Alt*. , Can.da T2P OLD Phil 0. Huddle. ton aod 

T, ;a^?.*“.l»le profl I InR tV3PI t.chnlqu..prowldn. 
eat hod touiiiK accurately tha aeia-il. •** 

Mthc.lc.Rlr el met ure near the borehole. The analvala of a 
var auru.y cae alio provide inelghr Into 

propaRatinn eapeelally -hen related to aon,c 

"*RH“ r vBp n «d ionic log valoclttea tor c ravalt local are 
often found to dlaiRrae. Recant field evidence of there 
difference, euRR.at. that the VSP crows It leas Br * Aa ‘f“ > 
with raapace to the Intargratad ionic rlaoa, 

|„ the deep eacllon l>30«* ‘>7 2.Q ma/1000 *i 

on tho ever it •. The ¥3P hai aunorou, application* n 
exploration grophyaie*. auch ■■ calibrating the seatc 
log. It le thua important to uodariliod why the too 
oeaeurmenLa differ. 

D1 fforancas In the gaonatrlei. aourca frequenc re. . end 
inst rmsantal error, of the luo aurvaya are reviewed. Kora 
derailed anal la of iBismlc wave propagation in the yar 
thews that shore-path multlplas and yaloctiy dl.para.on 
can have a alRnlflcant delaying alfact or the aoiao v 
travel t iaae- On* -dl nans ion* I , irfda-baod VSP synthetic 
tel aoog rani are Raooratad in the fraqusory domain to 
emdy cheat efracca. Different par.marars Ibandwilh, 
ilgnal-ro-nelia, layer thlukreaa. multiples, actanualion, 
diapers I on I are varied In tha synthetic eeieaograna. A 
comparer iva dlipley of aynthellc VBP lr«vallin>e »inua the 
integrated eonlc tlae la u.«d to view the effects of 
■hoaa pacSBocari on the .vnthatlc trace*. Reasonable 
variation. In nolle, layer chK-ltnea., bandwidth, and 
pltkinR net hod have a snail effect on traveltlaaa. Ptald 
data froa tho Anadarko Baain 14 well*! and an East Teiaa 
uoll ara aeenined with the aeaa technique, fro. tho 
nodal Ing and Meld aauipla., It la found theL ahort-palh 
aultlplaa can cause a eel. ole pul. a delay of up to 7.o 
a.flODO ft with reaped to the Integrand aonic log in 
highly cyclically stratified section*. Velocltv 
dlaparalon asloclaLed with attaauai ion can have a larger 
effoct. cueing up to 7.0 n./100!l ft delay of the VSP 
traveltlaaa with raapoct in tha integrated eonlc. Tha. a 
wave propagation effects can aaplain iha oh.erved 
discrepancy latween VSP and Integrated aonic tlae In tho 
deep .action, 
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SEISMIC INDICATORS OP STRATIGRAPHY 

A. Binvh.l tPornarly Univar.lty of Roorkae . Roork.a , 
India; pre.antly Bio.tallc. Unit, Medical Reaaarch 
Council, Hill. Road, Cubrldge. OX) P. H. Phattri, 

H. Sinvhat, A. K. Awa.thi 

An at leapt ha. bane Bid* to predict raise Iva content, 
of .and, ahale, and coal In a sequence of lithologiaa a. 
traversed and depleted by a aalaacgrao, using 
discriminant analysis. Monti Carlo simulations and Markov 
Chains have been used to modal the subsurface, end 


offset. i*uors**lo*r*<e Ivat dl.lanconj Into on* formal . 
The profile, ate dlipl.yrd one hr low afuihrr and arranged 
verticil, by of far I and hnrieontallv by 
-l«pth-|->lnl . This arr.nganent allow, for 
conpan.cn uf variation, ob.ervad at one oll.et to thoie 
at another olfaet. Alteratlun ol the data duo lo 
nrar-iurfeco geologic v.ri.Hon. gonerate* geometric 
pattern, on the display vhlch are -liffercni inn pal. etna 
due to changes in seismic .ouroe ur rose, var. Thla 
dlipley ha. utility In data practising to varlf. field 
recording geos*try. n-iniler the aelamic louice ■prlaarilp 
■ oar mr 'applir at ion i. anJ dvirrom proceaalng 
pareuetore. it alJv dale Int.-rpretai ion bv allowing lor 
the det.'Ctlon of an en.oalvue velocity sune m tna 
niax-iurfaca which air affect deeper atructural 
Intarpraf alias. Util last Ian of iha off.oi panel in 
I dent 1 1 1, -at Ion of shallow e.tnt a of high .aptitude alio 
■llaw. id.ntiCLcallon of .hallow drilling hatirda In the 

□arm. environment wlLit conventional aclinic data. 

ceoPHTaui, vol. as, no. i 


normal derivative. Kirchhoff migrai ion 1. u.ually earned 
out by an Intrrgral that rapra.ante aunnailon over 
receiveri for a given ehoi. limttloa over .hot a I* noi 
npl ic It lr handled . By Invoking the principle of 
recipro. Itr ul epplvlng the Plrchhoff Intergral iwlce, 
ono arrlvee el an Integral repression that espllcltlr 
r«pra.eni. .hot and receiver aunnaclan, contain* iha 
lector, needed to compen.aie for ncnplanir eurver 
geuBOlrv. ind ,« he uM<l For wavv e.l ripalll Ion a. wall 
a. Hi gr at Ion. Adaptation of Ihie Integral LO handling 
3-D or line .urvay data le atrelght loruerd and, with the 
uaual appro* imat Iona roncaralng spheric al vava spread lag. 
It accoapll.hra 1-D wave svlrapolatlan and migration. 

By tabulating both average and raa velocity function., 
tha Rirchhof I Integral ran be used to handle tarn where 
tha velocity changes vertically *ad the survey surface 
haa vertical relief. The approx imat I oaa involved ara 
only fhaae usually required lo calculation* ol rna 
velocity tiaveltine. Migration I* llluatratad by 
I rest riant of two modal data a*la. On* data ait haa ahoca 
and rarelvera attended horlxonlally with the receiver 
path undargolng atrong alevaclon change* and the abut 
path flat. Migration of iha.a data illustrates the alfact 
of the geooat r teal weighting factors and the 
affectlvaMta of the raa velocity approximation. The 
■econd dua an la a vertical seismic profile iVSPI with 
■hoL. intended horlxanlatly and racelvara aateadad 
vertically down ■ tingle wall. Higration of Lhasa VSP 


Geochemistry 


nqlO Selanlc nathoda valor lip navel time, Higration la 1 1 last rat ad by 

A METHOD TO* COMPUTATION OF YRLOCITt PROFILED IT treatment of two mod. I data aala. On* data eat haa ahoca 

IHVEUUO* or URGE-OFtSSr SIMMS and rarelvera aatandad horlxonlally with che recalvar 

Philip N. Carrion .Aldridge Labceatory of Appliad pit h undargolng atrong alevatlon change* and the ahoi 

Geophv.lca, Henry VtuoD School of Mine*, Culuabl. p .i h fj >tl Migration oF iha.a data illu.trsiea the affect 

iinivacaity. N.wYatb, wr 1007 » I John T. fuo of the geoaatrtcal weighting factors and the 

This paper describe, a asw meched ter recovering affectlvaMta of the re. velocity approximation. Tha 
velvicity profile, utilising both pha.s and amplitude as cond data an la a vertical seismic profile iVSPI with 
Itifutmation Inc Lading wida-ang le errlv.la, pjat- and , hall aal.adad hortxantally and racelvara aatandad 
prv-crllical tel lai t Iona. vertically doun a Single vail. Higration of Lhasa VSP 

This ae|h>l 1. basal cn a double a pat lei transformation data yields a useful image far ■ reasonable distance iwy 
with a minimi cat ton procedure. The flrat Irani formation f r0B the vail. Higration of nanplauar .urvay data <* 
Is a I ant Hacking of the observed wave field quite practical with gaonatrlcal artifacts that ara 
uai.m-igr.nl. Tha second is projecting the .lent stacked manageable. Th* technique haa uaa for aurvaya rake" ovar 
wav* field iota the donll" of horlaontal alc-vneaa F a°i sonplanar tupagraphy, far iaaglpg from VHP data, and in a 
depth a. In this domain the Invar *e problem la reduced to dual role for treat mint of velocity anomalies, i.a., 
finding the tell. cal path W'CI utiers 7Fal la tha ttua first as a wave extrapolation procedure to mova balou tha 
velocity of tha c ooprsi. Inaa I mavis. A numerical anomaly an] than aa a migration procedure applied to the 
algorithm based on a minimi a*t ton tachniqua 1* uaed to noop I in sr aairapnlated data, 
find the critical path, which is equivalent to the (at of GEOPHYSICS, YOL. 49, KO. 8 
turning point, of the critically raflaccad ray.. Khan 
rhla path >■ found, than che following criteria are 

aatlaflad: 0930 Saiaalc eethoda 


III Mxt ol tho energy la concentrated away frua rha 
prrcrlttcal region; 

if) the conputed raflwctfoa coafficirnta reacn their 
maaieem on thia path; and 

.1) for nor ixnnra 1 ly atratlfled media or CMP data, tha 
reflector, are allgnod in the p-i Ijniin. 


0930 Saiaalc eethoda 

lYERSIOH DP SEISMIC REFLECTION DATA IN THE ACOUSTIC 
AffROXIKATIOR 

Albert Tarantula (Laboratoira da Siioologia lLA CNIS 
19M, In.tllui da Physique (a Globa da Paris, Ifnlv. P, sc 
H. Curia, 4 Plica Juaaiau, 757)0, Pari. Cadex 05, rraacaJ 
Tha noniinue Invarsa problem for aal.aic reflect ion 


In ta.ta, this method baa been shown to eecovir tha data I. aolv.d In the acouatic approtinition. Tha method 
uelacily profile fnm both synthetic and ryal data. It ka id bated on tha generalized laaat-iquaraa criterion, and 
shown that the nothol is able to recover accurately It can handle errors In tha data aet and a priori 
velocity profile* even If call part of tha data are Informatics on the modal. Multiply rallitcad energy la 
given. For temple, only part ol the data are available naturally takas Into account, a* well a. isfrartid energy 
whan law- and hlgh-frrquanc * components are -nta.iag or or surface wavaa. The inviraa problem can be aalvaJ uaing 
when the data are truncntaJ In lateral atlnni due ta the an Iteraiiki algorithm which gives, .1 each iteration, 
finite length of the recording ayataa. Moreover, the upland values of hulk modnlui, density, and time aourca 
mothnd 1. obit to haadlv virtually any tart lea I velocity (unction. Each .tap ol the iterative a Igor 1 1 ha 
graiianta kn a nedkua; ihir.fora. It can ht applied to eaaaniially cons lata of a forward propagation of the 
complicate.! geologic structure*. The net hod das. not actual aourca. In tha currant nodal and a lorward 
require elimination of mull Iplei, but it ta not propagation tba.kward In tlxel of the data residuals. The 


applicable to the case of ■ oedlun with a large lalaral 
velocity graSlnnt . [I can bu used even lor an elail Ic 
tiadiu. whan the nr.d#-co»»»i led energy la n--t anali. 
.r.CiPdCIKS, V'-'L. 44. hi. a 


0910 Dal talc methr-d. 


carralillon at each point of the spacu of tha two iLalda 
Ihui obtalnrd yield, the curranton. of Iha bulk modulus 
and dan.iiy Bodula, Thl. ihowa, in psitlcular, that Iha 
gan.ro 1 .olut Ion or tha invar ae problem can be attained 
by method, strongly related to the mathod. of migration 
of unit ached data, and tawmacclallp competitive with 
them. 


snl 1983, Intorprutatlon of tho .lafnmatloB Lg 
compllcatad by the occurranca of tha Kay, 19 ro, 
H.mruth LaV.ua aartlcqualu soquanen (four e.rcb- 
quakaa M, > t>) at tha aoutli edge or tha t.ldtr. 
a. vail aa other modoraco oorthquahua ulthlo tha 
Uhl to Mountain aulaalc gap, Tho vartlciL dafot- 
matlon la largely accounted for fay 0.10 u 
0.15 ka ] axpanalon of a spherical magma chaabar 8 
to 10 ho beneath tliu roiurgaal in. within tha 
long Valley raiders .oaatlno hotwaen July 1979 
and September i960 with an additional stpanalua 
of perhaps 0.05 Va 3 batman Saptonbec 1980 and 
July 1982, Soma additional sources of dafona- 
tlon within the after. Hack zone of th. H«aoth 
Lakes earthquake, aaem to bo required to explain 
tha horizontal dafoimatlon, Ua show that rlght- 
lataral lllp an veil Leal fault, oacndlng WW 
froa naeh of tho three largest earthquaka. In th. 
fUmaoth Lake, aoquonce provldaa tha raqulred 
additional deformation, hut thla solution La by 
Du moan, unique. Thera are simply too Caw data 
to define the rathar complex deformation that 
apparantly occurred within ilia after.hack inne. 
There lg little doubt, however, that Inflation of 
a magus chamber bonaaLh the resurgent dona within 
the Long Valley caldera vaa Involved In tha 
deformation. < Long Valley caldera, Haasolh Lake, 
earthquake.,) 

T. Oobpliya. Rum., B, Taper 4B07B0 


Geomagnetism and 
Paleomagnetism 

25bO lime Ver lot Iona (Revereole) 

IRANSIUONAI PALtDIMTENSI 1 1ES TRDH KAUAI, HAWAII, AW 
GEflKAGNfTIC REVERSAL HOClCLS 

S. W. Bngue (Department or Geological Selene.. A3-Z0, 
University nf Heshlnglon, Seattlm, Weshinglon, 98115) 
end R. 5, Coe 

Thai liar palnolnlenslly result, from en R-H Irmv- 
■ II Ion fans In Kauai, Hawaii, show that rield lntnlly 
dropped from D.45I Qe to 0.101 0e while the field 
remained wllhln 50* or tho reveiaad axial dlpol. 
direction. A recavary In lntanally and iha aaln 
direct lonal change roilnwad thla prasuoably .berl 
period or low Hold alranglh. Ae Iha raveraal nurtd 
camp let Ion, the Maid had an lntanally or D.217 Os 
tdilla atlll 40* Tram tha rinal direct Ion. Ihe ratal lm- 
ah ip or paleolntenalLy ta rield direction during Iha 
early pail or Iha revs raa) thus dlffara Trea that 
toward, tha end, a Taature that only aome reversal 
mods la are canal slant with. Tor axaapla, a aodal In 
whlrh a at ending nondlpola compaunt psrsiata lhroufi 
tha dlpnla reversal predict! only ayoulrle lntanally 
patterns. In contrast, zonal flooding nod. I a qin.nl. 
suitably complex Maid behavior IT multiple Hooding 
arhamaa operate during a alngla reversal or If lb. 
Hooding process la ltaeK aayonitrlc. (Irnaltlon 
zonea, palaointanalty, raveraal models, Kauai). 

J. Oaophy . . Rea., B, Papor 4BGS06 


Hydrology 


isuuriv'lu'raf civet dinaiKn.J inib on* form ,u,Uir 1 i * * ,l “' ^llrtlirM.uhia Gallon b 7 lhi * *" d » ho « B r »« l ln 

file, dl.pl tyrd one brio- .nuihrr and arrang.d -n P ro..Un can hr eb -Inad fur an .rbl.r.,, p| „ 4l , on 

.-.II, by of fact and hn r 1 »on I a I I v by ..irfac* by usu of iho Xlrvhhoff sppraaimai on lor ' w . 

Jspih-pxl ni . This arrangement allow, fee ralailn* ih. field on iha db.arv.I.un .url.ru ii. GEOPHYHICE, YOL. NO. 


14-JO Techniques [GrO'Oid Viator Gor-chunletcy) 

BOHEHOLE NLIHCOOLriGT FOP IlYtPCwVEOiIlIEnlCAL IMVLRTMR- 
Tl HI rW-TuMli AlCF 

O.J. bollcnluy I rr.tc Lena 1 Hydrology PoeOJich InnLltucu. 
EnvlccmE<anE Canada, SL2 Booth II., Ottawa, Cn.l. UA ORTl 
J.D. u-aa and B.H. Graham 

Re search into tha douulopmanL of borohoLo teohnl-iuan 
for hydro-]aoclwmlaal Invoatlgaclona In frncturad rock 
haa resulted in the construction of s geochemical probe 
controlled and operated with an uml'klical cable ayatem. 
Thl* proba haa baon field tasted ro a dapeh of COO m 
In a multl-lovel ported casing at the '3i.IV Rlvor 
Hucloar Laboratories ICPJIL) . Tho probe pravldas in 
situ saniuremenia of pH. rodox iccontlnl, dissolved 
oxygen, tboparatura, conductivity, and ft aa mi re whllo 
allowin'] ground water saar-lo collection both at surface 
and downhole. Tha multi-level potted casing rrosorve* 
the Bubiurfaca hydrogoochemicil xonatlon and facili- 
tates aimydlng at various depths. In the CPHL bore- 
hole dilute Iln/KCOj And ua/Cl watora ranqing In a-jo 
from AGO to 12900 years have beer, obnorvod In gnaLa.lc 
rook at depths of B9 to ISO m. However, acc ur at a 
hydrogeaohaaloai character lx at 1 on of tha low poian abil- 
ity matogabbio present frtai 400 to £-00 a has boon frus- 
trated by canton 1 nation from casing Installation wnlur. 
tileochesiiBtrY, ground water, fractured rook]. 

He tar Resour. Ran., Taper 4V0729 


Geodesy and Gravity 

1910 Crusts! Hovamanta 

DEFORMATION IK THE VH1II HDUNTaIK SEISMIC OAF, 
CALIfdRHU-NEVAIU, 1972-1981 

J.c. Savaga (U.S. Quo lag leal Sunay, 345 
HlddlaFlald Road, Kanlo Park, California 94025) 
and H, Llassakl 

A 100 km by 4Q ka trllatarattnn uatvork axtand- 
Ing froa Blihop, CA, to near Hawthorn*, HV, 
eros.ii rha salt and of tha Lang Valley caldera, 
alcm of lanawtd nsgaa Inllatlon In tha 1979-80 
interval, and spans malt of tha VhLta Mountain 
salamlc gap, Tha network waa surveyed In 1972, 
1973, 1976, 1979, 1980, and 1982. Tha 1980 sur- 
vey may b* contaminated by a scale error. In 
addition, lava ling aunaya scroaa tha ealdara 
have haae ran le 1932, 1957, 1975, 1980, 1982, 


Physics of the Solid Earth 

Volume 19, Number 5 


112S Glaciology 

A TVO-FHABE MODEL DF ELECTRICAL C0HPUCTI0N ill TOLA* KE 
SHEETS 

E.W. Wolff (Brlcllh Antarctic Survey, Natural 
Envlranmant Ra.aareh Council, High Crb*., Hadlrglsy 
Road, Caehrldga CB3 ORT , UK), and J,0. Farm 

It has bean auggaatad that the D-C. conduct I wltvrt 
polar lea ahaeta could ba due to th* prm.nn of liq«M 
layara at tha grain boundaries. Tha.a lavara ™“ 
con. lit ef a mlxtura of acid, with wanr. Wa .hw lh*i 
It la plausible that acids will be at thtaa-gral" 
boundaries In polar Ice. Using reliable data for 
KKO, and SCI roneont rations In Ua at South Tola. « 
darlva tha correct magnitude »nd t.mpariLure d.pruirui 
for Its conduct lvlty. The modal explains tha narrow 
rang* of le* conduct ivltlm found lo polar rtgiona. 
(lea, alaelrlcal conduction, grain bouodarL*.. .tide). 
J. Osuphya. Bas. , B, Paper 4B0835 


3130 GrounAntar 

niHEE-DIiOfSIOtlAL SIHEAHL1NES Ul fflFUIT- F0MB1EIK81 

hccels , 

a D. L. Struck (Department of Civil ™d MW 
Bigiraerlng, University or Minnesota, KinneepolU, > 

Bjuationa bib presented for determining VlM P«j» 
Ui three dlmenalona using ^ lt ' Forc ^* 
Bolutiona ta groundwater flow picblw. 
are derived by applying the condition of 
flow, interproting the EUpuit - FtwetiheiMT 
Imatlon aa neglecting the reaiBtance to flc« 
vortical direction. Tho approximation IB ,, 

exact eolutlona foi Bovoral cbbob of IHW, 
appears that the deviations increase with UiH 
spatial variation of tho soiree tarn in ^ 

diffarwtlal equation. As an exmplo, , 

applied to a cano of loo Hugo through the Wt 

circular pond in a field of uniform Tx * , fcl . 

uneonfined aquifer. Tha approach will * .mHin 
to trace pnrticlcB through tho v»Ki®“ 'Jv» 

multi - layor nqulfor ikxIoIb. (Streamlines, f ™ 

modollng) . 

Uator Ro.mir. Raa, , Paper 4W0384 


31 3D (IroundwalOT nnroxTirai IN 

LINEARIZATION TECHNIIPJES AND iUREATE OPERATORS 
THEORY OF UNCONFINED AOUIFERS suu 

0. Bodvarsion {Col logo of OcoanogMPhy . Oregon 5 
Uni very fly, Corvallis, Oregon, 1 9733U . w 

The nun- linear pressure boundary 
free liquid surface in uncof>finad aqu»B^ ^ . )pJ 
lirearlzod such that standard type 

to salva tho pressure equations. i|a«r1»d 

of cross-surf acu differential operators. ‘ , m type 

free surfaco condition can bfl . lnt ®'' p r?, boundary ssii^ 
or partial difforBiitial equation \n IM wunnar, ^ 
face. A* oxamplai of tho UchNlwH he lf. 

tlons for the Impulse response of .^ 1n Jrfl pre- 
space and for an unconrinod box-typ* opgriurk). 
santad. (Lineariisd, unconfined, boundary 
Kacar Baaour. Pea., Paper 4W0815 


ancie lithoimy anu nkbiii DerriwiuATii"i sanii shear and geophysics, vul. 49, no. a 
COMPMUinRAl WAVE YEtaCITI 


A. R. Odo,«"li.o INUIJHIR Canaultznti, lot., 4485 9. 0930 Sol. wlc Mtlioda 

MapkewanJ A.rnwr, Tult*. TR 1.111] ISTIKATIOS OF STATIC CaUECTiQHS FOR SHEAR-HAVE FRUflLlNG 

Para ptsaiaad In thll SluJy ,r« prfvloualy publllhad USING IKE DI8FKB31QH TtOInTlES OF L0YE WAVES 

Laburatnry ihrsr ifl ail c. npraaai inal |Pl V4te velatUy J. L. Mark llnatUul Frauala 4u Patral*, I and 4 Ar. da 

nan.ucinrnta on wal at-iatur a t a J aaudalena. taUaraou* Bat* Fraau, 92592 luvi l-Halmiiui, Fr.ncsl 
Bai'lsioae, doliialla. and liatatona ccraq , aa wall a. Whin prncaa.iag sfavir-v.va data, ii l. alien difficult 
lab3rai'<ry i-.-r ■■* Le y aaaaurama"L« un the landitoaa and to tcwpuv tha static cam. Lions u.iag the law a method* 
llovsEnnw rare., Asad* tuna and 1 1 ms. tunc poroslti*. range as for P-wa«rl, belauia of tha low tiloclliaa Involvad 
fcom .042 iu .294 and from .004 Co .219, rnapnctlvaly. anl of Inter tiranca with rtaldual F-«ivt*. 

D.flatcniltl prraajra v*i vailed lion M4 lu 4000 pal, A method aipaeially Lalleiad for statlL lortactioaa 
,-c.rsa *p 'inJiug to apptY.la.lu burial diptn. from 1M to .TV-wavvi 1. presented, which makaa u.a of tha dl.prr.l 
V,fi0 a, relpai lively. pruparty uf Love Ulvtl. A.aumlna tb«« iha — .’k ■ — 


om .091 tu .299 and from .004 CD .219, rnapnctlvaly. anl of Inter [aranca with raaldual P-w|vti. 
flatcnll.l pmaora «*l veiled Itua 104 lu 4000 pal, A method upartally Lalleiad for statlL cortactieaa of 
>r reap inJiug lu *fplii>l..la burial diptn. ftom 1M to .TV-wacvi 1. presented, which mikaa u.a of tha dl.prr.loa 
(ID a, ralpacLlvaCV- pruparty uf Love wivti. A. turning that iha wcatharad iuaf 

Band it on* , I (■■•■iiina , and Jvlnaltr Art* ulfactlv.ly of ihlckna.a H ail* .a a vareguide far the surface wi.ti, 
auparaied by Poisson*, tallo a or. equiv.lvni ly, by the (halt ph*i* valwclly range, from P> at Inflalca 
ratio of f- lu tf-waxa velocity. Sap.rallwi of ainJ.tona Iraquency lo P, at tna Iraquancy, khara Vi and Y, uv 
aril lluaitm* apaara ta r.aull frem thv diffwrenca In p ll IB ahur-viva value It la. Into and below tha weathered 
uf Iha nutria mat Uriel, nanely, quart. 1.054) end c.lclte IQ na. Id. let bib* dial a frequencies the pbais velocity af 
A.J14), eoapactlwalp. »*«•• *« a hnowu fweion of H, 7,, an d P,. if .ha 

An capiricak funcbkoa, I/*' ■ A'fl, wn fat by phjie r.lotity of Lava vnii la maeiurai on {laid ivracda 

rair.at ion analyek* to tondstunw and Ikmeatoaa vslutlly tor a »at«i of di.ttnci fraquaackai, kl la charafara 
IV, *nd k r , w „, u , pjra.lt y l«l I each po.«lbl. tu compute ff, V,. P,. .nd ib« , la tic 

dl ffarantlal praaauis. In Ihli nqual ion A and B ar* lorrmiiea*. 

cun.tinia dl oath pleasure, * Bmlng .ppia.lm.laty .Aval 
to lh* reciprocal malrka velocity. Dacreaakng .tdokark 
deviation Indicate* -thac Iha equal ton hawaaas an 


In cm! real with cos.iailonal trchalqu.a which raquir* 
(Irak Kilsale to be picked aanually. the c caput at Isa of 
■title Canadian! uslag the dtipacclea af Lava wavs. i. 


•PPtrcUhly ar'cutau rapraaontaMon of tha aaiaured. •• , ”^l 1 J"** 4 “ « •* ,•* * ‘ « • « ‘ c k*n« 1 y 

dtia A. pru.aura incraatac. Aueraga vllu.a al 4 *ft near fjotmti hy dlgicaj ca. N Ur>. 


dale .. prdaaura incra*.#.. Aweragn vll-iaa af 4 are near 
reciprocal waloeitiac of quatLc laa'idnana! axsragac) and 
calrlte 1 1 Imaatonr average. I ■ Iha cwillallf, rata ml 

chMga of tecipraral with poruaity, ll a critical ae.iura «» ■ ■» ™ x»9 ocner; agampiea ara 0DF lUal Rlnkh 

or Iha ■■nat.lv 1 1 f of velocity to paiaafty, banco Rha *“*■!* “*‘hpoliri*ad a .□»«■■. lw gaoHusoa grawp 
uaafutnaaa «f velocity *n aatimatlnn of porosity. oKM.Ion 1» 20 * ami (ha.dlitanca bat waa a gvoUp. Iq 16 iCl 

taad.tset S*w*va B v.ludi a.e flow 2 is 3 lima* greater m. lo all thaco aasaples, the appar layer ihicko.i. and Bfflds 

taM ath« v.lqic. la-ii.t tag RDM ..Odacona 5-wv- •*'•«»•> *»• -V. dl.p.r.loo ", 

waloclty U b» far Ihe -bit ••»•“*»* {" vlth «-««RR4 from v . . 

varieties. Least Ata.lliva ia Uaaitua. Pivave waloclty. <««««“«* l aalhodi. VeOllII 

atapMTSiti, *9, . I 


Thru field wxaanl.i wars conducted. The fleet of tha.a 
wa. a Mi.e analy.li uaiag Hi guphoae pe.iclona rnging 
1 VO 1SJ iii Thl LVQ^olhtr; in flDP llnai 


Artemyev M. E., Kaban M. K., Chosnokov E. M. Density in homogeneities within 
iho Earth's mantle as derived from Iho data on depths ol Its «froe boundary*' 

Conlinental regions . . . • ■ ■ * . ‘ 

Greonfdd M, A. Static and dynamic character is Lies of an inhomogoneous isotropic- 

olnalic body containing an interface ' 

Chelldzo T, L., Kolesnikov Yu. M. An application of the percolation thpory to m 

modollng nnd prediction of fracturing • * v ‘ 

Tlmoaheva A. N. On roBularltios in the varinLions of boundary veloeltiw witnin mr 

Eastorn Russian platform basement 

Yoplnalyova A. M., Petersen N, V. Seismic modeling used for matching the daw 
ground seismic studies and deep drilling of crystalline crust 
Ulznlchonko 0. Yu., Nevsky M. V., Nlkolnyov A. Vi, Nekrasov G. A. A case study 
of statlslicnl characteristics of tho wavefleld fino structure over nn oil P ao .^ ' ' . 
Kobrunqv A. I. The rosolvabiliLy and equivalence problems of gravity dnU * DV 
sion in tho case of multiple density houndnrios ...... ■ . ' • 

Burlalakaya S. P. Dipole propBTtieB of the ancient geomagnetic field • ■ * J. ' , 
Pechersky D. M., Didenko A. N., Kurenkov S. A. Geologic and petroinagneUO s tu 

dies of ihe Mugodjnt complex of parallel dyk.es 

Monakhov F. 1, ,Khantayev A. M., Kechayklna V.S,, Slilsliktn A. A. Comparing the 
responses of groundwater table and discharge to preparation processes of an 

earthquake . , , ' 

Mukhnraouoy V. A. Acoustic forerunners and fracturing kinetics . - • • *-'j/ 
Goncharov A, L, Kuznetsov Y. M., Llvshlte L. D., Somerchan A. A. The load redi 

RmhiiHnn nn ll.* — * 1 “ 
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4, » r * Ui,UJiauv v. m., Livsnite lu D., Somerchan a. a,i-im : . . 

trt. ih» first or tha.« smoullon on the supporting surface ol a specimen in large-scale nxial compr® ; ^ qq 

phMt paiiclona rnging SlOIl tOStS , , . ! ■ ■ ' * ' . i . • *' 
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31J0 GROUMWATkR 

TRI EFFECT OF TuRYUUBlTY U FLUID FLOW TKROUCh A 
SUCLS FRACTUKb 

5. N. Taug (Earcb £c lance* Division, Lawrence Berbalay 
Lahoe.toiy, Un Iveraltp of California, Barkalay, CalKorala, 
91120) 

Calculstlopa eo Lnvaatlgata rha affect af path tor- 
tuaLiy aud connectivity on fluid flow rata through a 
alogla rough Iractura vara carciad out. The flow paths 
ara capraaaatad by electrical resistors placed on a 
two -dicta* lonal grid, tha rSaLatancaa Vary ae tha 
IRvar.e cf tha Iractura spartuc* cubed. Tha alactrlc 
entreat through the circuit bs*ra a ona-io-ona cortaa- 
paadaaca ro tha fluid flow rata. Both fracture aperture* 
derived from meaiuramasta and froa hypothec leal analytic 
funct Ian. wars uaad ln a parasitic study to Invaaclgata 
tb( dapsndasc* af tortuosity on Iractura roughs*** 

Character 1st lea. It waa found that tha more snail 
apirturai that* ara la tha aperture distribution, tha 
largat la tha alfact of tortuosity. Uh*n tbs fraction 
of eantact aces batwaao ths fracture surface, rises 
■bov* 303, tha apectucs dlatrlbutUoa ara invariably 
larga at Stull sparcucas, and cha affect of iractura 
loughnaaa and flow path tortuosity dapraaaaa flow rats 
froa thi vslua predicted by cha parallel plies raptaaan- 
t.cloo of ■ feaccurs by thraa or mors orders of magnlcuda. 
Th. lap.ct of cha.a raaulca on cha calculatlona and 
aa.iuraaapca In Iractura hydrology wsa dlacuaaed. 

(fcaeeura, flaw tortuosity). 

Blue Rasaur. tea. , Pipar 4H0B27 


1130 QrounihMter 

INTERPRETATION OF DOUWOLE DATA AND DEVELOPMENT DF A 
CONCEPTUAL MODEL FOR THE REDONDO CREEK AREA OF THE 
8A£A GEOTHERMAL FIELD 

H. A. Grint, S. K. Oara (5-CUBED, P.0. Bog 1620, 

La Jolla, California, S203B), T. D. Rlngy 

Drilling records, downhole prssiure and 

tasperature aurveya, and lurfacn ditch* roe 

aaaiurcaents aval I able fro* the Redondo Creak Are* 
mill are analyzed to deMne ths themdynaailc stats 
nf the rsaervolr Muld and to detsrnfne ths 
locations of pormsabls horizons. Ths regsrvolr 

fluid conUlna a significant amount of 
carfiM-dl oxide, A two-phaie region Is present 
within the reservoir; the extent of this region Is 
profoundly Influenced by the carton-dioxide content 
of reservoir fluid. Two permeable zones ere 
delineated, I.a. one within tha Bandolier Turf and 
one near the Interface between the Bandeller Tuff 
and tha underlying Pal la Canyon Andesite. This 
paper elso presents a conceptual model of the Baca 
ceotharaal field. Baca Is a high tennerature 
liquid-dominated field of aoderate to low 
pemaabtllky. It Is auggaited that the reservoir Is 
charged hy hot upwellfng fluids at a point near 
sulfur Creek. Ihese fluids flow laterally toward! 
Redondo Creek, and thence to ul tfmats outflow down 
tha Jenz River Valley. (Geothermal Reservoirs, 
Baca Field, Conceptual Reservoir model i). 

Ibtar Raocur. Raa. , Paper 4HQB25 


3150 Free Ipl tat Lon (Hydrology) 

SCAlF ™ 1 ™ C0RV ° P MlKFALL 1 DENSITY AT THE '(LM-B 

E. hiysiro, V. X. Gupta [Department of Civil Fnglnooring. 
Del var, icy of Mississippi, Unlvorslly, Mississippi 38b77i. 
J. Rodrlguei-Icurb* 


eraf,|r lc- 1 descrtpilens of wirniroplcul 
.aanV. J ' “ re w foroultio * physical 1> 

HK 

, T 5° Jb^Mttcsl Ipcctnm otpl.m. t h* eoplrlcal 
Of plrj uu/M by fdoeods sp,. 

Is an O B r^w and l6 P' ,rlarlC0 cnnoctlon 

TeyteruS ^ “beervatian that tho 

propagation ol th* f,n. aula stniciura, via * 
Irani rorut Ion of Hbo to space through iho sioro veloeaiv, 
r«iulc* n hir ir<> r i" 60 U * flnJ not th '»ughout . Tho 

tea irf ”** 0,0 e * l0nl * { lhl * U * ,n tcr “* ot 

^ *“ * M -l«h coll durations, 

wacllr^M h r,t0 * ! nd otc. (u.io.cale, 

prscxpLidilon, turbulence, fiochastui. 

Hscac Raa our. Raa., Paper ZH0839 


7160 Runorc arid SuaaaflDw 
TWBCA3TIHQ HATER LEVELS R» UR CHAD 
K. fegaMahvayah IBlr H. fueOonaU L paruura, Paootar 
Bauet, etailon goad, Cnbridga, CB1 2 SB, U*j and I. H. 

Tha discharge auamirasanta of tha Mvsr CMrl at 
V O] amine and lake levala at Sol have teen ucod to 
dsrlva modal a to Cocacaac mini sun water 1 avail fl f Leha 
Chad. Flrat, aa auuragxaailva sodal la obtained eo 
calculate the chonga 1„ olalmn lake Laval froa one 
yaar to tha n*«t, glvan cha Qurl dlicfaergi and tha 
Blnlsum lake depth In tha previous yaar, x nor* 
rlgoriu* analyala of ehs data produce* foracaaUog 
aodala on a praboblllatlo bula to naaoura tha risk In 
■also ting various abstraction laval. of water. Th* 
probabl llatie aodala aaiuma la) tha data an purely 
randja, Cb| the dlacharga oarlam contain* cyclical as 
well aa atoehaatlc mrpononts. Dividing tha rang* of 
lake [aval* Into 12 designated states, probability 
aatrlcaa an darlvtd Far state transitions for a aLngla 
year ahead and for n-atapa ahead. The axpecud lueraia 
of it-atap ahead foncaata Is obtainid. Dlagrim* 
showing tha probabl Ilep of svcaidance of Bln loan leha 
laval atataa uaiag cha randa and .Uad proc.ii oodalm 
ara pr a santad. (Lake Chad, Chari XL var, water lavala. 
probabl liable aodala.) 

Veter Rsaour. Raa., Paper <110472 


3190 InolruaantB end Techniques (Mlxtura Distributions) 
MAXIMUM LIKELIHOOD SIT WATTS FOR THE PARAMETERS OF 
MIXTURE DXBTRIfiimoXS 

K.M. Laythaa (9538 bkth Ava. H.E., SautUa, VA 90119) 
M a ximu m likelihood astlaatei for tbe porasatara of a 
aixtura or two oorul dl.trltratloaa are pr a* voted lb 

tans or as npectation-aixlm! ration algaritha. Snail 

aeapte proparti aa of both parameter and quanLUa aatl- 
*•!*• ar* explored using Koala Carlo a Inula Lion. Al- 
though paroaviera vaLlaatod From unalaailflad data ara 
InaceuraU, quantiles estimated free unclassified dsie 
■re found lo ba only slightly Isas aesmta this 
quantile. Ball rated froa els.ilflad date. 

<* tar Resour. Rei. , JhOSS-l 
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NIMBUS 7 Scientific Results 

Piebte (Paper 4D0488) 

— . Albert J. A/Wv iui-f Hull'll J. Cl. rr,Uh* 

ine NIMUUS 7 CZCS Experimcm in ihe liengud.i Currvni Kcgiun off Sou I hem Africu. Fcbniay IwSD. ;. 

InicipreiBilon of Imagery nnd Occunogruphic Impticsiiont i Piper ICl. <411 
_ I . XluHtmm. H St UillftihurM. jhJ A .4 .If, >if ,-ri 

I 3819 Analy.ii (n Turn'd Coh.wI Wsler i P.ipei IDIMI ) .1/ I'aArr and H Sturm 

Mflftiince Chnraciet lines i)f Uniform lianh und Cloud Surface. Derived From Nimbus-7 fc’RN i Paprr 30)423) 

_ V. Ruy fiiylti a»J l.urn- 1 . Slim r 

Iht fignh Radlaiion Dudgci Dcnved From ihe NIMBUS 7 ERB Etpcriment (Paper JCI594) 

_ Ihrbtrt J, i. rihm-ll;. Hlt luiiil J hi/hr. .m J fht- .Vflffif-", 7 t.HH h'piniiu nl h .mi 

ACiUraiioo Adjuilmem Technique Combining LKB Karumeier. frum Dilfcieni Rcmi.dc Sensing Pl.iifuimi Into a 
tang-Term Daia Sei (Paper 4Dl)M2l Philip K. ArAuaif und Herhtrl Jai"hnniiz 

Eanh Radlaiion Budget (ERBi Experiment: An Overview (Paper 3D 1 848) 

Herbert Jiuvboniiz. //■)»> JJ 1‘. S-uile, Ii. Lee Kyle. Frederick D. Hume and 
, The .VIUBVS ? ERB Experiment Team 

°VMflllon Atymmeuic! and Kecuvery of ihe NIMBUS 7 Eanh Radlaiion Budgei Shortwave 

NImShT''" ,PapCr 3Dl845 > Philip Ardaiitiy und Jim Rea 

IMBUS-Eanh Radlaiion Budget Sensor Chiirnctcrlzaliun for Improved Daia Reduction Fidelliy iPjper 4D0040) 

,j R. MuiflihiijJ. A. Jullnk. J. Hickey, ami J. Snedberg 

tw m-Flighi Csllbniilon AcUusimenl uf Ihe NIMBUS 6 and 7 Ranh Rndiaiion Budget Wide Field of View 
“dometerx i Paper 3D1849) 

H. Lee Kyle. Fretlerlek B. Ihuae. Philip E. Ardanuy, Herbert Jambowltz. Robert H Must hhaff. 
. and John R Hickey 

" Aneumenl of NIAIUUS 7 ERB Shortwave Scanner Dmn by Conelalive Analy.il With Narrowband CZCS 

- ' P *P er 3 DI972 i p. a. Paris. E. R. A/q/or, ,md H. Jatob.mil: 

V^'^US 7 ERB Data Set: A Chiles! Anulyxli (Paper 4D03I6) Albert Arldng ,utd Sttsrri Vemury 

c J of NI,r °S en Dioxide Re mil. Measured by ihe Limb Infrared Monitor of ihe Siraiosphere ILIMSI 
ttpeiimem on NIMBUS 7 (Paper 3CH5b) 

James M. R us sell HI, Julin C. Gllle, Ellis E. Remsbcrg. Lurry L. Gtvdley, Paul L. Dailey, 5. Roland lira? son, 
j. . Herbert Fischer, Atulre Girard, John l. Harries, and Wayne F. J. Evatu 

wphtnc Waier Vapor. Nitrogen Dioxide, Niiric Aeid und Ozone Measurcmcnis Deduced From Spectroscopic 
u^**™ 1 *® (Paper 3DI674) Andrt Girard and Nicole Lemliitard 

Jr.!?* 11 " V *I x,r Keiulis Measured by ilie Limb Infrared Monitor of the Stratosphere Experiment on 
NIMBUS 7 f Paper 3DI7II) 

James Af. Russell III. John C. Gllle. Ellis E. Remsberg, Lurry L. Oordley. Paul L. Ballet, Herbert Fischer, 
•« . . Andre Girard, 5. HoIuhJ Drayton, Wayne F. J. Enins, and John E. Harries 

LJn,b In 'rared Monitor or ihe Siraiosphere: Hiper iment Description. Performance, and Results (Paper 3DI77U 

John C. Gllle and James Af. Rutted III 

^psciiojciipy and Tran will lances for Ihe LIMS Experlmenl (Paper 3DI847) 

•S. Roland Drayton, Paul L. Bailey. Herbert Fischer. John C. Gllle. Andre Girard. Larry L. Oordley, 
VrJu.ii — _ John E. Harries. Waller O. Planet. Ellis E. Remsherg, and James Af- Rusted III 

T5 mper * fure Reirtevals ObUined by Hie Limb Inflated Monitor of ihe Siraiosphere iLIMS) Experimeni 
°" NIMBUS 7 (Paper 3DI923) 

John C. Gllle. James M. Russell III. Paul L Bailey. Larry L. Gordley. Ellis E. Remsberg. James H. Llenrsch. 
Tha v.Ka- , - Waller G. Planet. Frederick B. House. Lawrence V. Lfjak. and Sharon A. Beck 

“"“ten of NIMBUS 7 LIMS Measurements of Ozone [Paper 3DI96U 

hills E. Rennberg. James Af. Russell IN. John C. Gllle. Larry L. Gordley. Patti L. Bailey. Waher G. Planet. 

. and Job h E. Harriet 

Preelsion of ihe Nflric Acid Concenlreilons Deleradned by Hie Limb Inrrared Monitor of ihn 
i7*r( Experiment on NIMBUS 7 (Paper 3D 1982) 

i0Hn c - ®«f. James Af. Russell HI, Paul L. Bailey, Ellis E. Remsberg. Larry L. Gordley. Wayne F. J. Evans. 
Slrao.nb . u n. Herbert Fischer. Brttce W. Gandrttd, Andre Girard, John E. Harries, QnJ Sharon A. Beck 

PMrtc Ozone Changes During ihe First Year of SBUV Observailons (Paper 3C0779) 

Avcram. r\ ,Wl on< * ^ 3- Hiller 

0zone Pr °IUei for 1979 From ihe NIMBUS 7 SBUV Inunimeot (Paper 3C05131 
Huh fwi ■ fi- O. Me Peters, D. F. Heath, and F. K. Bharikt 

l5IQn Atmospheric Ozone Measurement* Using Wavelengths Between 290 and 305 nm !Papor4D03l9) 
Inieyrn— . , R. D. Sounders. H. J. Kostkcn.sk/. A. £, S- Green. J. F . Ward, and C. Ii. Papcuoe 

°f NIMBUS 7 Solar Backicaiiered Uliravlolel Ozone Profiles With Rockei. BaUoon, and Umkehr 
hagl 3^1227) p. K. Bharikt. K. F. Kkrtk. A. J. Flelg, C. ft Welleaeyer. and D. Gordon 

Rend!, id™ NtM ^US 7 SBUV/TuMS Total Ozone Data Sell Wllh Dobwn anil M8J 
An *2" 3DI668) K . Bluirih. K. F. Ktenk. C. K. Wong. D. Gordon, and A. J. Fteig 

wcomparlion of SAOE and SBUV Ozone Observailons for Man* and April 1979 (Paper 4D03I7) 

ObMr™, , D. A/. Cumold. Af. C. Pills, nnd C. B. Trrpte 

^ n 20 by Ihe NIMBUS 7 SAMS: A Comparison Wllh In Sim Daia and Two- Dimensional 
M ° del CcdclJ,BlJons (Paper 3D 1644) R.L. Jones and J. A. Pyle 

lem P*raUire nnd Composlilon From NIMBUS 7 SAMS Measurements ; (Paper 3DI686) 

Some AteP C. D. Rodgers. R. f« Jones, and J.J Barnett 

*1*611 of ihe Design and Behavior of the Siraiotpheric nnd Mesospherio Sounder. (Paper 3DI83I) 

T(n 'P*rauir W - Jm W ^ r and G ' Dw *'*** 
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Ac «nparail« e. , . M. P. McCormick. T. J. Strissler. E. HUsenrath. A. J. Krueger, and M. T. Osborn 

ExsrtS?:®^ 01 Aerosol Exilnotlon Measurement. Made by ihe SAM II and S^OE Satefl.le 

3DI8 12) Glenn K. Ytte. Af. P. McCormkk. and W. P. Chu 
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, BDd £ « Identification (Cloud): Effecl on Albedo (Paper 3D 185 J) . , 
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®YahiaiL|n ■ D. J. CavoHeri. P. Gloersett, and W. J. Campbell 
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3199 General 

A KIH-HAX APFEQACH TO RKEEBYOIR KANAGEHEHT 
*. Orlovakl, S. Rinaldi (Ceatro Tut la d*i Biatocii, 

Pol Itacnirt, dl Milana, Hilann, Italy 130131), B. Soncl- 
ni-Saaaa. 

A deturalniatio (oin-rav.J approach to real Line aprr 
ttlc*) nf a rale I purpose roseruoir is proiant.d In this 
paper * Tho usr of this dBthol 1* particularly Just 1 1 lad 
when the attention and effort nf th* manager *ro nulnly 
(.u-uauJ un , .voiding lubstani l.il (j|[ur L > >i( Lhc syitcn 
during auvore hydrological tplir.do* lr I cl-.warac. allllu 
dol. The approach dnou not require complex algorilhns 
and on-lln* opt InlciLion, *iac* all eflirirnt operating 
rules can ■(■ply ho obralni-d by off-line rip. I It Ivo , i - 
uiltationB ol lh» rosor.ulr Ithrvltiur for dlffvrent va- 
lues of Lho initial atnrnge (the selection uf theso va- 
lue* I* guided by * ono-dnugalon-il soar chin* sot hod). 
Thoie all ic lent spar* ling rules can be Inraiproced la 
turn* ol aLorag. nll-irsiian canes which are not prede- 
termined bur depend upon the forecast el the Inflow. . 
Kcr cover, uhra the rosorvolr fs not loo full or loo 
eapty the luihod luggosis a whole range of possible re 
leases, ineLvad of a single value, Lhus Introducing some 
flexibility Into th* dec 1. (on-caking process. Du ana- 
lysis of a real esa* ha, a|.e ghaun that thl* deteroirri 
stlc approach Is quite powerful I In pointing out Iho 
poiatbilltv ol Loproving tha perforaouce of * reservoir 
already In optr.ic icn. irosorsCilr nanagenent. opclnil 
control ). 

Hater Baaour. Ran., Taper 4W0845 


J. donnoxoa IR3MAB, Utl var alky of HI anl. Maul, n. 
31149), C. Kami and 8, Nonclgay, 

Unalaale asphlbolLtaa, aarpantlhltsa and 
BSMqabhroa war* rsoovarad By 2 diedqn -hauls Irce th* 
foot ei tha north CaoLng slops oF tha tranavaraa rLdqa 
forming th* south van of CM visa Rcaotura Bona, Tha 
upilidlltag wa [robabLy derived Froa various Lypea 
of qabhzolo rook* which conplecaly cacryatal 1 1 esd undar 
straaa In the condition* of tha aapnlbolLta facial 
[b* tvs an 990* and 490-C). Tha anphltmUcaa were 
affuatad by a vary slight and rasttisW raciograde 
uetaaorpsiiBi, possibly whan tha tranavaroa ridge waa 
uplifted to higher levels of the ocuanl-a ccuat. Tha 

aasoiLatad laugabbroi display secondary ■ Inoral 

paragonaaaa indicating mara coapltx cooling and 
del ore* clou hlstarlas but did not reach mtanorphlo 
tquIllbrluB. Viola catselaallc and paraganatle tangaa 
wara ohaaived b* tween gabbroa anl aophlbnlitae. It La 
tanlatLvaly oor.vludad that tha gnalaaLc aphlbollua 
turned aa a raault ot Intanao hydsotharaal raaotLona 
batwaen Luyar 1 gibbroa end auawatar dsrl.ed 
solutions. */Ar dating sug-ieata chat tba auphlb-rllta 
Eaclaa □etaaoiphLem woiiiad about 19 n/ ago, I.a., 
whan tha dredging alts* on the aouthsrn wall wa,a 

located In Ui* vicinity oE ths Jttd-Atlanclc kidga. 

Hydrctheroal aLroulstLun uf seawater tha highly 

fractured aouuiarn wall oE tna fracture *on* **■ 

activated hy auplacenaat ol basal t La oageus sc thu 

spr aiding oantar. lAnphlbul I taa, fracture xonaa, 
hydrotnarul ca loner phi am). 

J- Coapfay a . Raa., B, Paper 6H0I34 
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3715 Clmloal ooeposILLon and ohnlaal Inlaraot Iona 
AN AHALY3I3 07 THE AHHVAL CYCLE IN UPPER STRATO- 
SPHERIC 0108E 

J. f. Frederic* (Ataospharla Chiatatry Branch, 

Coda 94*. HASI/uoddard Spaoa FI 1 gut Clntar, Oraanbalt, 
Maryland, 20771], 0. S, Ssrsflno and A. R. PougJssa 
Ths sld-lstltuda upper stratospheric oiona proTllsa 
octal na4 by lr.s 3*|»» >ii-v..r 'n-.rsvloiat 'SWVi 
Instrument on the Hinbua 7 isteliLla snow ■ clsar 
annual aycla both Ln th* sbsoluta ozone asounll 
fastveen 0,98 tnd 15.4 ab and In tha Ugnltuda of 
dlaturbinots which rsvsal thtssslvea as langitudlnsl 
alructur*. At tha lowest pressures analyzed ■ winter 
mitHua Ln arena aillts, but aa on* program*] 
downward In altltud* a shift In tha taaporsl phaia of 
tha annual cycla occurs In ths vicinity of 3 to 4 
ab. Coapsrlson or tha obaervad behavior with tha 
predictions or a one-41a*nalanil pnotochemlosl aodal 
show, a ayatwstlc tend easy Tor salaulltsd axon* 
saaants lo b* 20-271 below ths data for pressure* lass 
than 7.B ab. Ths ahaaloal aadsl auoosssfully pradloLS 
tha ohsnga Ln phua or th* annual cycle, although at ■ 
pressure grsstsr thin obaer»sd. Dlagnusls of aadsl 
rasults ihowa tha observed shift Lo ba olotaly oouplsd 
to tho ssgnLtuda of th* oiooo ooluan donilty oaar 3-S 
ob. Tha wavelength dapsndtat attenuation of tho solar 
radiation flsld by axons alters tha relative oagnltuda 
or tha molaaular oi fieri and none dissociation rates, 
leading to ■ Bhangs in tho taaporal phase or tho 
annual oyala. 

J. Goophya. Raa.. D, Paper 4D085O 
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aOUD OPTICAL TKICKHE35 FEEDBACXS ]H THE CO. CLIMATE 
PROflLEX 

R. C. J. Smervllle {Scrlppt Institution of 
Oceanogrjphy, Climate Roiaarth Group. A-024, La Jolla, 
CA 92093), L. A. Rewr 

A radiative-convective aqulllbriua nodal It developed 
and appl led ta study cloud optical thickness feedbacks 


In the CD. dints problin. The basic hypothssls ll 
that in the waraer and roister CCL-rlCh atrosphere, 
cloud liquid Hater content h 1 1 1 generally be larger too. 


For clouds other than thin dmn. the result H to In- 
cresio ths ilbsdo rors thin to Increase Lho graanhouse 
affect. Thus tbe sign of ths feedback la negative: 
cloud optical praptrtles act is A thermit al and allar 
In such i way it ta reduce the surface and tropoipheric 
warning caused by the addition of CO*. Dlls negative 
feedback can be substantial. Khan oBservationel 
estimate) of Ihi twgxratur* depandence of cloud liquid 
water content irs employed In ths nodal , tha surface 
temperature Change due to doubling Cfl. Is reduced by 
about one half. This result li obtained for global and 
annual avsragi conditions, ro change In cloud Mount nr 
altitude, and coni taut relative humidity. These idealiza- 
tions, together with other ilspl if lea tlons typical of 
oni-dlmonslonal radl a Live-con vsctlva climate aodels, 
render tha result tentative. Further study of cloud 
opilcal property feedbacks It warranted, how* var, because 
tha climate ll apparently so leniltiva to them. (Cloud 
feedbacks, climate aodal i). 

J. GROphyi. Re*. , D, Paper 4D0814 
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U3HCHAVE RADI AT I0H BALANCE UNDER A S7B0KC SURE ACE 
INVERSION 1H THE KATABATIC llfl ZONE, ANTARCTICA 
T. TswanOuChl sad 8, Kswsguchl (Nsclomsl Inst 1 tuts oi 

Polar Rssssrrb , Usksitil-bi, Tokyo. 173 Japan) 
Hssiurfssncs sad eslsalstlou of langwsrs rsdlstlao 
flu* *s wets sods under ths Jspxnsse ROUX pfogm, 
1979-81, at Hlxidib Scat tea (70'AZ'S, 44'20'E) , whsrs 
ths fcstsbsdc wind was blowing continuously ad ■ 
scrag surface Inversion agisted. Downward ad upward 
laagwsve flusos para Mssutod dlrsetly using pyrgao- - 
■scars with a shading ring. HaMriesl ralculsrloos 
wars ssds rising ■ vide band sodsl. Ths sffset Of 
clouds is l»cg»l ovirasst skis* glvs sn Incrsssn ot 
about BO V/u In ths downward flax la Sit Miaous. 

Th* sasll sapsot of colim water vapor ylalds the 
■f fact i vs salsslvlty 8f ths steosphsra sasU. Ths 
drifting snow iccrssss* Cha downward longways flux 
and fupprausi lbs longwsvs cooling sk ths surfaca. 

A llnsar ralttten bstwssn ths alraogth of th* sarfaca 
tnvsralon and use langwsvs flux Is shown. (Radlstin, 
■urfsas levers loa, Anl arc tics) . 

J. Osophy*. Rss. , D, Fspsk 4DQB5I 


Mineralogy, Petrology, 
and Crystal Chemistry 

4260 tekrogsnssls . 

UHRBTKMIO BWHIriCAHCB OP aUElBSU AKPHUOLTfEd FROM 
TUB YEWl PRACtURI BOSE, RqUAICNUM. HB-AVLABfE A DOB 


4705 Boundary Isyor and orchangs proceiiss 
DUAL RA010TRAUR MEASUREMENT OF ZOCeEJCIHOS-HEDlATEO 
SOLUTE HO PARTICLE TRANSPORT IN FPE SHKATEfl SEDIMENTS 
J-P. Kraibiki f Can tor for Qrost (slot Studies, 

Uni varsity of Wleconsln-Mllwsukso, Miiwsui-gs, 

"! S3 2011. J.A. Robbins ana D.5. MM to 

Ganna apoctroscopy msthods »sro used to dstermino tho 
offsets of two froshwster tanthlc macrolnvartsbratos, 
Stwiodrl lux herlnaisnus (ollgochhato xoraa) and 
Ptintooorola haul (cruitacosn isplifpodsl, an the 
reworking of isdlnonts and tho transPor of solticos 
acrosn tho aod I rant-water Intorfaco. Jr. lateral or-, 
"lcrocosr.9 subml 1 1 1 mater layers cf l5 'C9 laueiod soil as 
sere deposited on tho sjuiinant surface sMle overly Ira 
water was aplksd with - J Na. 

In colls with Stvladrl lm. ths * 37 ts layer mevod 
downward at an s.ponsntUTly decreasing rats. The 
displacement of tno layer rasults froa ths conveyor- 
bait feeding node of this organism. Th* rats of marled 
Isyor burial is consistent > 1th that of other 
freshwater annelids (1J > 10"® en day"* Irdivldual" 1 
n -2 l Ths exponential doeraaoe In burial rata 

(■ ascribed to uniformly distributed feeding of 
StvlMrlluB *lthln the foparng zone of i.4 cm. ln 
calls with Pantooarals. “'Cs Activity vai sasarod 
duwnsard In tine Owing to sddy diffusive nl vlng Of 
aedlmsnli over « sbbII range <1-2 cm). 

In calls without sores, ths C* act! vs notorial 
rsmalnod at the Interface whllo ths *-Na psnstrstlon 
into aid I rant i wu consistent with diffusion in froa 
solution with small correction* for sod leant porosity 
and sorption [Kg ■ 0.17). Ths effect Ivo diffusion 
coarriciont for "Ha «a.2 x IIT® cm* see-*) was 
■sssntlally tha sans ta that for ■ call which had boon 
inhabited by vorea for three vaaka and than poisoned 
with formalin Just before addition of "Ha. Thua, tho 
preianca of blogonlcally reworked sediments (with 
palletized oaMrlals and raonant burro* stractures) did 
not affect salute transport In mis with liva 
StylcdrUuii panatration of "No within tho faodlng 
ions was consldsrahly rare rapid. Implying an apparent 
0, twice as high In calls without worms. Part Icls 
reworking results were used to develop a transport modal 
vhlch Includes advsctlvo as wall is diffusive terms. 
Advactrve transport arises frem tho Incorporation of 
"Ms into pars fields moved downward as a result of 
conveyor-belt fssdtng. VI thin tho fsadlng zono, solute 
transport Is dominated by sdvsctlon sod the apparent 
enhancement of D- in pwro diffusion mod all is really 
ths result of soiuts flow Induced by particle 
reworking. In cells with Pent do oral* 0- f a 
appraxlostsly twice that In control colli. In these 
calls "Ha profiles o*y be treated thMretically 
without sdvaetton, (Bfoturhatlon) 

J. Ceophys. Rna. , B, Fspoc AE0515 


4774 lurhu lanes and diffusion 
the aotart nnm bdumdarv layer 

D. V. Ostsndorf (Civil Erglraarlng DsparlnSat, Unlvsrilt, 
of haisachuiazts, Anharst, HA. 01003) 

Ua darlva s simple analytical nodal of tho boundary 
layer Induced by rotary tidal currants flowing over a h»r- 
iiontal bo i loro in iha ■bunco of strong vortical ■(ratifi- 
cation, fcrmlatlng explicit aatlnates of the shear veloc- 
ity, dissipation, end friction Factors relating Invltcid 
velocity to bottom shear stroll. Those friction factors 
nay accordingly be calibrated by eq observed velocity pro- 
file through the rotary bottom boundary lover, thereby 
reducing ths aoplrlcisra of existing depth averaged nodal* 
of tidal hydraulics, Wa 1 1 1 ultra to the procedure hy ana- 
lyzing ncasurad M2 rotary current profiles on the outer 
European shoir with good rodal accuracy; iha local dis- 
sipation- baiad Friction factor compares Favorably with a 
global valua baigd upon ■ calibrated n in* r I cal model of 
iha north -west European shelf as wall. (Boundary layers, 
taiton friction, tidal currents). 

J, Oaophys. las,, Q, First 4CDBM 


Particles and Fields — 
Interplanetary Space 

3380 Solar Vlod Pltsoi . 

COLLECTIVE CAPTOR OP . HliEASEO LITHIUM IONS IS THE 
SOLAR Him 

0. Minsk# (Lo* Alamos Hatlooal laboratory. Los Alamos. 
HK, B754S), G. 8. Wu, T. T. Ll and O. C. Zhao 
Tha captura of soul, lonlosd lithium lens Ip Cha 
solar wind by sasxa of olsetremagnstlc lutabtllclss la 
Investigated tbrough ilaasr analysis and .. computer 
■iMilatloa. Three InatabllJtlss, driven hy s lithium 
vsloolty flag that is psrpsodlsular to sod' drifting 
ysrallal along Iks magnalie flsld, are cegstdsrsd. The 
espturs tins pf th* 11 rhlos by ths solar vlod la 
roughly tag linear growth -tjmaa, gsgaidless Of uhothtc 
rssesant sr nontMenonl awdsp denipaie Initially. 
Posalbls lepllcstloiu oi iha. zosulia far ilia AHPTE 
elision era dlscuaaxd. (Plasma gutsblUtlss, solar 

wind), 

J. Beophya. Res., A, Fapar 4A0BD3 
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Id th* SlMtHj*' JOlltlM- Th,M *' 

obtains* by b*»iH“ 1Bj 3,110 tl#,n - 
J. Gaophya. Raa.. A, Cap* 1 " 


- “■ 

■uglura, * L- Burffta * * * ,r,,,W fr 

"'ta'ula art tela •» rap«t that the Dynaolc. 
Erdorar I a.talUte Fraguanlly OataelaA type 1 

oaunteratrunlng si In th. ragloa of 

f lald-al Iqnad currant* at high altltuflaa In th* 
nlghttlaa auroral ran*- ' «»unl.r. teasing 

.llctroa ar. ganarally dalact.J at saarglnn bnlov 
a few beared av In association with ssorgsLic 

‘>i«l , 

and nagnoLic Mala Baaauran.nt* from K-i ara uaad 
to Jnvaallgaka tha ralallva aontrttuttans of 
anargsLle ^.elpltatln, alactroo flma. »a 
counterauaa-ltfl alaotrona to tha f Ulfl-al Ignad 
errant daaalty. »e currant donalty la oooputad 
by intagratiag tha t-o-aiaanalonal alactroo 
dlatrlbotteo foootlona In two anorfly raogaa, 

IB-235 av III 18-100na av. 1» tha caae Of 
downward currant, low anargy 1**15 #V» elaotrooa 
ara found to carry pore than dOt of tho total 
.laoi, currant danolty, Alla hlghar anorgv 
olootrena carry Uio raat. in tho eaaa of ctward 
curraata, leau than SDt of tha total plaaaa 
current daaalty !• fnnnd to ba contrlbatad hy low 
anergv 1035 aVI dlaotiona. m gonaral, tha 
ohaaraad p\toh angle dlatrlbutlona ahov that 
fltnea of coantaratraaadug alaotrona ara enhanced 
at both MU 1*40* I and large (»I46») pl*oh 
angina. «« eoargy apactra of oouataratreaiang 
alaotrona la tho f lald-allgnad dtraotlena are 
fraguantly found to ba charaoterlied by Haxoalliin 
funcUona and oecaelonally by apaotral peak,. It 
la thua conelodad that ooantarat reaming alaotrona 
contrlbuta to f lald-al lgnad currant danalty seatly 
dua to ldalancaa in tha Mux anhaoaamant In tho 
upward and downward dlraatlona. Iha WIM radar 
oimltanaoes ebaarvaHona tndlcatad that tha 
riald-allgnad aarrant chaarvad by fiC-l waa oloaad 
through ladaraan onrranta In eha ionoaphara. 
(Oountaratraimlng alaotrona, field-aligned 
our rente, radar naaauraoeataj . 

J. Qaophyi. Raa. , A, Paper 4A052S 


K1V - P.DJaaat loo »* "a n-r., ano reuai x »* n 

JOVIAN DECaHETBlC ARCS. M WT1HATB Of Tfll RMUIPED WAVS 13 Ma B.P. and locorporala. Iha TUaualo 

NORMAL ANdLIS rnCM TUBAS- DIHKhd 1 0NAL BAY TRACT NO la land* a* an axtaaaloo of tha Liaa laianda. la Halt 

J. 0. Manlattl Idoulhweat Maaarch Inatltuta. P.O. 1 «o»l of tha tomplaa alnietuta and .ub.ld.ne. oX «hi 

Drawer 21314. San Ant.jnla. Taras illllt. J. L. Green, chain can be axplaload in taraa ef parturaaueai ta il 

S OuIlIh and f. Six hotspot ai|oal. Kcdal 2 |lvaa a good gteajatrlc ill li 

"a thraa-dloana tonal ray tracing coda which Incorporates tha volcanic chain but falls to erplaia tba aaoailoti 
tha 0-4 aagnatlc field modal lAcuna and Naaa, 1374) and a aubaidenee of tha Una lalaeda. I Ron pot, Usa 


prwuhuh- iJ-.wi inn. 5-Moai il it ii require ilut at lam 
>,a« null bi-U-i-HBiwlflrn arc pu-.i-ni In the uppan,,, 
io ml Vo. Thi ie Im ih> fiaprlltor lu l.pi.udanl evldtncs 
Dior nK.V« tilth f tironlr It Hii Jvt- |, a |>.,i.,p al ll( 
durlvcd from n prlnlilv.- .mil. amine, u yalla** 

tli.il la.it.ipli- i i'ir» l.il I ■ in" J uu<'raaarlly conatialn 

ihw p|.i|i>,l|.H. ,.| di-ptrli-d 0 . 111 , 1,1 or ih,- neon all lent* 
,ur "hulii cailh"» W.ilima .if Sr m.l Th lar.toptc 
i-. n piiall Inna. Snya-ral rcCwot i;vi,|,livalcnl Jlguunla 
L-.muirnlnA llu< mini l v vlacalty ..f ( Iv, aaaJnlc 
c-fi.aali.ua ><t Pcnliill /mu- a , .in, I thr «i,1h an .J i^. 
u( Belli nf f /.'ill. a Indli itH tl,at minllo (low ••■ueliKd 
with tlic pl-itwa p.uuu iti.p well In,,, tin, lower aanrlt. 
Villa wuuld pri.hihlv ptccluilv chealcil lnyorlng at or 
nlw-ivc tho Lr.maltiiiii n«c. Tln.ao nrniminta iuggaat a 
piiiuila with lieLur'.'j'.onL'l t l. a uf m my alias and 
c.-mpoaltluna nt nil depth* .mU with an; iintiricacloo 
■..■ii T ( tied I.' tiuiRMy thu bi'ti.o hall. Such nrail- 
(Icatlon Dlulit result fr./s II j. re a auro- Induced vtacoili; 
Incrc.isu with depth or Item gravi, aHimal settling tnd 
woulil hulp tu cap 1 .1 In tin- I'.ne.rvity of heieroganelila^ 
IncliidlnR primurld.il lie and ke lauiuplc algoeturai, 
and the lonjtuvltv -md luu linrirtmtul volocltlea o! 
acre tu-l apntv. pnealblu onrcia of rianllo hoi era - 
dcnulllca lncludu reive led iic-.intc and continental 
cruel, daiachi.'d com Incut a I 1 1 1 luophera , nnd eurvlvtng 
Lmtllvv BLiiitlc. Ol.in, In .'I'nvccl Ion, iBolopee, 

mjr.Llo hctrtnHWUvlLleaJ. 

J. Uunphye. Rch. , B, Paper LB0160 


8110 Plata Toctonlca 

FOBBIBLE FERTURBATlDNd TO HOTSPOT TRACES A TO 
INPL1CATI0NB TOR IKE ORIGIN AND STRUCTURE OP THE 
LINE II LANDS 

David Zpp (Rival i lost, of Gaophyaici, Honolulu 9SBZ2) 

Thera aro aaoantlc dlfiaroncae In tha way tba turn 
hotspot la usod in tha literature. Rare the view it 
taken that hotapota ara defined by tha character title, 
of bains thereat anooalica that are Iliad ralativa ta 
each other. 

Perturbation* to hoLlpoC aignala racordad on tba 
auriaca ol tha earth will produe* botspot tract, till 
charactarladci ooro coeploi than thoaa of al^lt tiaa- 
progreiaiva volcanic ehaina, Poailbla parturhatlsu 
ara dlscuaeed. Bcnaa of thoea perturbatiosa ar* a 
conaaquanca of anrul pleta tectonic*, mb* art 
observed interactions of ho La put oagaaiiae with 
lithospheric atruetura and procaaats, and otbara are 
hypothetical, 

Tha Lina Island* volcanic chain hat a coeplai 
structure and aosa character 1st lea that cannot bo 
reconciled with thoaa expected of a ainplt itaa- 
prograsalva hocapot trace. Two odtli for tha 
dawalopaant of tha Lino Talanda ar* praiantad. Radii 1 
aaauaas that the Lina leland* vara foraad batwaac IM 
and 67 Ha B.P., and Kodal 2 aaauaaa an aga span af M 
Co abont IS Ma B.P, and incorporates tha Tuanou 
Island* a* an oxtanaioo of tha Liaa lilted*. la Kodal 
1 noil of tha conplaa atruetura and subsidence of Ibi 
chain can ba explained in taraa of parturnauoni ta iba 
hotspot aigoal. Kodal 2 glvaa a good gtcaotrlc lit ta 


Particles and Fields — 
Ionosphere 


$303 Alrglo* 

AKALTTIUAL nOD SPKMKUh A) f ROACH TO HWTOSUETSOh 
nuns U IRE EASTS '3 ATKMFBUtE 
R, p, Btnghal UppUad PhyaLoa SaatiOA, Instiluto 
of TanhzAlogy, ftanaraa Blnin GnLwaraLlj, 

Varansol, Z2I005. India] an 1 9. A. Haidar 

Ilia aaalrtieal yield npeolrua approsah has bean 
applied la calculate tha photoalanlroo fluxaa In 
tha eirlh'a itaoipba,. Iha remits hat* bean ooa- 
parad with tha axparleantal data of Laa at ai. 
(1980a, bl. Good ayraaaant is oblainad ai low alt- 
Itudas, gt high altludoa aur Uiaoj-atleal raaalta 
are lower than tha axperlcaaUI data In the anarcy 
raglon |W) *V by a faolor of 1.3 and In the >5- 
*3 *V by » faaloT of 1. Coafarlaan with theoreti- 
cal aslmiUVloBB psr foraad by other wrkara ahows 
that if the tana act af lndlantio olaotrsn inpaot 
crosa aaotiona had bean uaad, than tha photoeloa- 
Iron aodeln ef SULoklani srd bdariga (1983) and 
Rio hardt and Terr ( 19*3) mid bo In tool acraae- 
ant with nor work and (ha awpariaontal data. 
RowaTtr, tha fhohoaLaatran fluxea aalonlatal by 
tha nodal af Vietcr at il, (1976) la net oonalet- 
ant with tha other Uiaavatloal mod ala or tha «xpe- 
rlnaotsl daU. 

(PhotoalauTrona, flux) 

J. Gajph/a. Pag-, A, Paper 4AG569 


5j3 raaTlatlo plaaaa nodal ha* baan used to ordal hlgh- 

curvature deoanetrlc area obaarvad hy tha Voyager 

|S ...... 517 Planetary Radio Aatconoay (PRA1 Inatcunent. Two exaaplea 

. . ‘ , lnn V. . ,o,/\ no a of intanaa, laolatad. vactaa-laca. hlgh-eurvatur* aica 

Ncuymin (22 March, laiu — il Au- veia IlB , ud fldt ( 0r study, ih* wwrea point wav* * 0 , 0*1 

.... 527 angle was lnci scented at each of a full range of 

frequencies until the nodal raya Identically natohad me 
obaarvad area of tha FRA data. Several different Oipplai 
shifts we 1 a aaaawad at the aouraa point, By thla 

loaor intitudas lo the aflarnoon aaotor. Suoh plaaaa, aaoi prooodurs, an aoeurita ralatlonahlp between tha wave 


4414 Auroral aone Dtwl Ic affect a 

CORRELATE U LT-W PPEWZhCY ELECTRIC AND WCW.TIC MUSE 

ALC.5G THE AURGRAL PIELO LINES 

D. A. Rurnatt iDapartoaot of Tfcyslca and Avtronony, Tha 
Unlvarxlty Of Iowa, Iowa City, TA 3221}). I. L. Fuff, 

J. D. Xanltrtl, J. 1. Burch, J. D, Wlnolnghao, and 
5, D, Shaahan 

Flatus wava arui plaaaa oaaaisraoanla Icon tho Iif-I 
spacers! i ala uaad to (ovaatlgato ao lotanao band of 
low fraquaocy, < IC4 He. alactrlc sad cagnetlc noise 
detect ad at low altitudes over tha euroiil sonaa. This 
doEbb ta obaarvad by OE-I on aiaaoclally avwry law 
altitude paaa over tha auroral mat and occurs In 
regions of Intanaa low anorffy, LOO eV io 10 k«V, elec- 
tron precipitation and f labd-allgred currant*. The 
electric field polar I ratten In A plana perpendicular to 
the italic signal Lc fltld la randan. Correlation oaa- 
aurenacia bat ween tha elaccrlc and aagnatlc fields show 
chat Iha parpandiculsr 4- notch-aouth) alactrlc (laid 
fluctuaticna ara cloiely cor vela tad wtib the perpendi- 
cular (eaet-waat) upitilc field f luccuatlone . aad that 
tho Toynitof flux Ii dllactad downward, coward tha 
Earth, tha roiaL aLactfcaaKnarlc pewar flow aaaoclited 
wlih these fluctuations la very Targe, approslsataly 
10 ‘ watte. 

Two ganaral Inlarpralat Lena of tha low I re queue j 
sola* ara rnnaldorud: first, that the nolle la pro- 

durad by italic fields lolcddod In tha t'liwaphaca, id 
■ acond, that the eotae la dua ic Atfnn wares propa- 
gating along tha auroral field llata. Hraeuraoenta 
ohonc that tha oognallc to electric field ratio 
docreaiaa rapidly with (arresting height. Thle height 
depeedrara (a In atroag dtugrreiunt with tha antic 
o-idol urlaa* a parallel alactrlc field aviate alnng the 
aagnatlc field. At preainl no aallifictory oodel la 
available for the height dapandanra In the case of a 
nni-ieru parallel alactrlc field. 

Tha Alltan viva aiiil la In g.-ui agiaaaent with 
Che general fora vf tha height dependant* of the Aig- 
natlc to rlecirlc (laid ratio, buL diaigrtea in canaln 
dot at In such at thr Iraquency dopendm.-e and Mgnlliido 
of (BfC. which In uavilly loorvhol larger than the roa- 
putrd value ol Iha Alfewn Index c.f refract Inn. 5oaa of 
LI,* bp dill leul !■*■ f'lNld be accuunLad (or by taflac- 
l Inna nod propagation at largo angle* to the aognellc 
Hold, If tbs split la duo to Alfven votes than Iha 
aourco Bust ba locared at high altltulaa, stare the 
aveiagu Faynllng flwi la uauAlly dllactad dnwnweid, 
avail at radial distances up in 1 If. (Blictrlc field*, 
aagnsllc field*, Alf.wn waves , auroral field lines). 

J. Gc-.phya. Haa., A, Paper LAM ih 

-.-.si Fin"- » c tl< n, v:.r.*«cU<tit, ■■■- rar.-alitlun 

nt., at i-gyshc-. , i«!i i* t«k »i :tBivr “> :hk ttruw: ■•i-fi- 

i. Foil-r ; HoMothwraltt [put 1 1 ul>, wf T«:hr...l ..-yy, 
ll'i/illn-.r. "I J- r vii*. " ry . Nioirvrl, hncnack netln ( l 'llrt ,< ), 
J. R. iturnia 

li|*rl---«Tn cnlv.-l-l altli tho rtnliDllx, Alanbe 
trrpher-nt j.-,tlvr relir obicr/vj Iha I'.covj rmrlo 
,-..„,o:ti<-n fatt-ra civiTr-rgjrJ uf thytiontlnv Tlcft. 
Tf.rru plnrcr Irer.vpn T“ ■.-nor jvtemel ty Ipa apead 
c..nvnrp n. a leifxrla * e -rail or. car. land ssrnm.ot tefore 


at vary high utltudeo vllhln tho polar cap. sorvaa aa a no reel angle, T, and the frequlnay waa cbtalned, wltn the 
iraour of l*v cohvuotlon pa l lorn uvay froi tha clefl. variation Being 70* a T ■ IO" , end 7^,-la- foe the era* 

(Flam. ftoKoclIon , lonuaphora. cloft). oonaldarod. Aa tho aaaurod Doppler shift at the aouica 

J. Gcophya. Hot.. A. Fapar «0855 P*l"t laora.aod, the vale* of *m X was found to dacraaa*. 

but the genoral ahspu of tho fit) curve was unaffected, 

By comparing tho ray treeing results with the Independent 
, - t roaulta of Staolln lllll] regarding mission fr.jm homing 

Particles and Fields alaotrona. U waa founG that Urgar Doppler shifts If/f, 

A. UHHIW maiva a iwawao , l.t, it Iha aoucc* point produce - 70*. in 

Marmoinonkpra agiaooent with the ray tracing rsaulta foi tno two area 

lYiagllClUapilClC gonmlvlered. only toe w, • 0.7 and vj/e ■ 0.12 (uhuca v, 

• electron velocity plrellal to il . Actual values of 

6 TDD IN?* evxk wavee v,/v *ra unknown, hut tn-lapandent OMarvallona Indicate 

HIGIITIVEftEWI.l-TIOR STl'DllS OF L'PSTRLMI I0SH that v,/c . 0.1. Blno* tha lo--crv*tui* area am 

Kinauy A Anduvn f^kvai .<denvi l.nmndory. Unlvrraiy of CaVrnnll ballovod to raault frea larger wave noriul angles. Our 

BbfW>-y C» 9»T20J. H k LrrcddN. K. F Lin aid C. K P.wHa issuita Ir.dlcata an upper Unit to tha Dop pler ah I It, of 

DifW u|*lrwin ban at Io. .."i*ni>- (•• 1B kiA’I fludu-ik ngadl, jov-len dan emiialone of l/(g ' 1.1, Irey treeing. WH 
w>ng.wtrl >o h.pl ■ r cr-.-vC '■’na « d -.a-> Ii. iriUiu.iy in n g’lifhiiL -u> a rce. oopplor ahi ftl . 
with ). Ihe wife tedwiirn U» uuaqlacirrtaiy rrwgr.aUc field. ll|. avj the 

Earth-Sun dlicailon. The 1 4 kaV ler, Intenaly l^hert when p u In J. Ooephya. Baa. , A, Fapar LA 60 04 
Ihe ranya SO* Io SO* md Uwra lens may noariy if wpprar for veluaa rd f 
near 0- There i* a nlhtr narrow cwg> nuigc In wbrti Ui» flu. reintna 

laovuiodi) .TxoiarA AlUmcallia crxigy inlend may lioawileird elan n , • i n f 

energy an bgh a 70 kuV xid d r4w ijmaa w Iff* ai 9 hoV Thisercigk 1 nVSlCSl A TOpCrtlGS Ol 
apgxui to vary lydtrruUicJij wilti Uio angla y. Tf c hno cUo found ipat • 1 

law lam mflcr owl of Iha foroVKuL or>o low iJurbcd u ilvup.'wjLvj RdCkS 

fWd unea updium from I/a fomhodt beuriiiv)- Finally, wo her ewuevo 
found xia* oimla in ahi* iUTum Iona olUi rranglta at leant aa high aa 

BOknV arapmnlon Odd lina Uul make tai wiglrof BO'- »llhrm*4U> 6110 II aat Icily, Ir at lure . aad flow 

Iha Earth-Sin ■tredlon In Ihr-e msei a Aral ordur fnrr* pxbcew hm DRAB SURFACE IN SITU STRESS FAIT IWi HI 

rxdyabiul3mni4nf to Irtsaoelfie energy ol Ihe iqriTMfn Ion* En«g IN THI TULLY LEMBSYONE, APPALACHIAN PLATER 

iuUon upm rxflrvUofi Irom Uu boa ihadt may puiido Iho roquifed I. Engelder (Lawont-Doheriy Geological 

oddjUar-d amlupkort Palisade*, Raw York. 10464), P. Galsar 

1 a o..., aaoroa Tha direction of aeeiaim ox panel on i 

J. Gcnphya. »•*., A, Papa c **0796 „« ,n. Tul Iv Liamelnno at laid 


S720 intaracc l.'na beivccu solar wind and najtnoloaphare 
LG CAL TIV? WRIAT10H IN IM PESPtrtH OP ft i PULS AT IMS 
IS THE ttttmt SECTOR go MmSTOEM EXPANSIVE PHASE 
iiNSnS REAP HI [NIGHT 

f. Pouiukar, l. 5p.idlngcr aad J, C. Season (Inatltuta 
of Earlh and Pluneuiv Phyalca and Dapartcanl of 
Phyalca. inlvarnltv nl Alberta, Edoontoa, Canada I 
Sloe* tube tore arpooilve phase octlrlly In tha ald- 
nlghl taclor and Pc 4,3 pul gallon netlvltt In the 
nicrtlnR it cic.r aro bnlh co local ad with tha auroral oval. 
It la laglcai t-> aaauc* that suddan ebangaw In plaaaa 
ood (laid parse* tura in tba oval would causa perturba- 
tion* l" til* act Ivlev level of both types of activity. 

In an ear Liar atudv, S<cjcn and Roalcker (1981 ] dawn- 
s' rulcrd that Iha feeguancy of Pc -,3 pulaatlona ao the 
dnvaLda lot reseed at tha unset of a aubitara expansive 
phtas In the night sartor. In that Btudy. only pul ce- 
ll one cocc-rJod near noun uses Investigated for their 
feeguonev cement. In this paper we consider the 
rwipooia uf pulaotlon activity across tha untlra u.rnlng 
sector to auhatorn oosata near oldolpht. Using auper- 
poaed troth anolyaaa we daronatratc lhat tho cnnclualona 
of Sari-rn aad Roatobsr (19811 ara vslld acroia tha 
r. rnl nc aactor. Hawaver close to dawn. Pc 5 auilvUy 
appro cv to be Ini t laud at tuba tarn enact rachar than 
Gvcruaalng by shifting frequency toward Iha Ft A bind, 
an .ippraru co ba the rue closer to aooo. Ha praaant a 
h.Jel tl Pc L,3 activity to a.pluln this phenoconoo In 
which Hi* crlvln of the pulsations la proposed to be a 
Kt-lvln-lla Icholtr lancabiltry at iha InurFma belwesn 
lire Lov-lniltud« houodary layer and tho central ploiea 
vhvvt , i G. ocx gnat I o pulasLiona, subs tons, Kalvln- 
Hclchalla Instrbllltv). 

J. Gs upl.ya. Raa., A, Paper LAM 56 


37)9 Htgnetopiuso 

OOSERYATLOa OF SIMIWIO PPHPAGAUO!l HAVES 
ON THE HAGhETdPAUSE 

E. Nidi ten (Hix-PlaneL-lnitltut fur Aeranonle, 

E>-341| KBttanbura-Llndlu, FRO) 

Obiercdlldni af lonoiphorle elecirlc fields during 
an mr resonant giant are used to In for the prannn 
of wavst cn or near the nignBiopausa propagating toward 
tha diyilde. stoultandous lalalllta miurenonu at 
gaoiynthronaui orbit conflm tho prtionco af those tur- 
facB waiei. I nr* <) lately following ihoin otiiervs Lions a 
flu* I runs for avonl appears to Hava occurred (Goerli 
ol ai, 1984). It la ipedulatod Ihgi Un pulialions were 
agsocliKd with lhat ngni. (nognotopauia, electric 
flaldi). 

J. Gr*ph;i. lea. , A, Paper iADBOn 


3774 Skull period variation of wagaatla (laid 
NIDUTITVBg Pll PULSATIONS. 0805VMIWMHS BVBSIDM 
OHSCT II0U1TJUI AM ACVHAL ZONE CUMBYTS ON 11 HAROI 
mil CDA1-I 

T.J. Bailee (Ittromaa; Dapailaaat, Beilem (hlvariUg, 


6110 ElaatlclLy, Iraq turf, and flow 

HEAR SURFACE IN SITU STRESS PAST IV ■ UBIDUAI. STUBS 
IN THI TULLY LIMESTONE, APPALACHIAN PLATEAU, M1V YORX 
I. Engaldar Clawani-Dehartj Geological Observatory , 
Pal I aade* , New York. 14464) , P. Galsar 
Tha direction of buIbib aspanaion during strain 
rslaxalleo of the Tull; Liaaatona at Ludlowvllla, Now 
York, Ii orianiad about NOA’E and thus la within a 
couple af degress at the air Iks of both sal la emit- 
fold joint* and tha coapraaalaa direction Indicated by 
tha loath of tacteoic alylolltei. Thaae Joint* and 
atylolltas ars aanbrra of a suits of structures see cnx- 
nod al Ing approx lasts ly 91 layer-parallel short so In* 
during the raatn phaaa of tha Allaghanlan Orogeny within 
tha Appalachian Mount lias. Because of the porallnllaa 
of the bsiIbub axpanalon with tha aain phaaa Allagha- 
olu coopranton end bacausa our BaaaureoooLa war* .tad* 
la ]olnt-b*und*d blacke, ue auggeal that tho axpanalon 
represents tha rails! of a residual atrsaa locked into 
the Tully Liaaatona during ih* Allaghanlan Orogany. 
Tha BSgnltuda of the strata ret station Indicates that 
tha real dual differential at rasa waa 1A HPa. Using a 
flaw law for pressure solution, wa Infer that ih* Tull; 
Lltaeatoa* da Io nurd at a strain rata of about 3 x 
IO’ 1 */asc, aad thus the layarparallsl short anlng 
obaarved In lbs Tully Linastoof say have required an 
aggregate datamation Interval of only I Ha, i In situ 
stress, strain relaxation, residual across). 

J. Gaupbya. Sea., B, Paper LB0161 
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J. Gaopyn. Fa*., B. Pnpar AB66M 


glia Plata Taotsnla* 

QSiam MD 8UDSID0JCR OP 00YUT3 Di UD- PACIFIC 
NOTJHTAINB 

g. L. tlalarar aad F. V. Ktlilsr (Oaelaglaal faiisrrt 
Division, Barippa laiilluiloa ol Osaiooirtpk;. U 
Jolla. California, M09JI 

K or phot ogle aad Bigaall* data solicit that Ibi ■ 4- 
Paelfla Houatatoi farsad doriag Early Crsiseimi «1»* 
as a bread ME-traading doobl* ebst* *f 
(■I tad saouata over a Basils kolspat ai tha PaaliH 
plats Bovad westward sad allgblly loxihvard. W- 
drill-corn aad raflaollo* aalcwla dxta iadlcatc HU 
corcl- rudl >1 Id rsifi grew oo the iibaldlag 
aad evolved Io alalia aad Buka, largely baxylM 111 
volaiDte founds I loot. Nagaalla Isle Ladliate 111* W 
Lat. Apt I is tie*, shoo i 110 Us. Ik* eessewaf 
loaned at aboul 20-23°9. wblobw* lOggaal »*• 
tha fringes of tba latitudinal aois of vl|ot«i »» 
growth, vhere opward groelb rata* aeald Je*t “•» *» 
with sabal done*. A breed uplift probably rat* 

Ibi wtd.apr.ad rail on.! -plaaeseol ^ 

voleaolei ai oeaaale plalaaui. 
water flow, aad Bills. r*l**d lb* Md-Peolfl* "j" 
reef ■ out af the water, aad both r*fl**ll«* 
eod leoieple dale luggaal lhat a Urall* B«P»B» 
developed on msay of Ihe M.rg.ai re.f.. » 
•obaLdeae. reoenaaeed. Iba raafl 
opward a pane with eubildaooa. laoawad VO el Ml* » 
Lata Crataaaoua Hbs Id tbo siilinwl W 
Meanest m walatalasd Inland* t or a will*. ■ 
Bor I <n« Guyot . bnl probably wllhowt l, *»* ' 
Blsawhiis. palegla aondillusi Bawa »r*w*»l*d •» » 
goyon uni to Ihalr praia* l -day daplb*. Thai* »[“ 
ara ay atawat lastly ralalid to lb* iafarrad 
volatile foosdil lost, balsg »r«aC*»i “ 
vnleiaotl. (Qayol e, aaaaouala. aabildiDia. W*" 1 ’ 

J. Goophys. Pci. . B. Pnpor 180743 


B1S0 Plata Tac tonic* „ iirroj, 

A GEOPHYSICAL STUDY Or TUB HARILA ifD 

PHILIPPINES, PART III PORKAAC BASIN STRUCTO* 
STRATIGRAPHIC CVOLDTIOH _ , , . ^.r- 

Staphen D. Lswia (Laiaont-Ooharty CaolOBi 

vatorr of Colusbln University, PailM** 1 ' "" 
10964) and Dnnola S. Itoysa . 

Tha pattern of aodlaont d|g«lh«l4W g 

Hanila Tronch aubduotlon aon* wan si w . |1- 
strong Inf luaneo on tha uotonie ■t 0111 * .. ^ 


vorgaut plats worgln. Hulllchanusl im ■ af 

(CDP) asliBlc rsf Isellou dau rswoal 1 , ./M«i*al- 
turbldl to asdlsant* overly log a thin psi«« Mr ^. 
Bgls eedlnont Isysr nnd ooosnle were 

era part of tha Hnnlls Troosh. Thsoo |f 

trontportad froo tho uplifted eollUL -, f (ty 
Taiwan, southward along tha Manila " .Shtilti 

coatrollsd pracsiasa. llBllsrly, LhlaAS IrU( . 

dspoilti la ths southsm end of tl>« tun i (tu 

ported northward ftoa tha eoiilalon *???. OB i Mi , Ml" 
North PaXswan block and tha central Philipp*"**, ^ 
1 Dentation within tha Manila Trnneh »* “" .,^1 

■ourcn ar tha and* of tha trench ths 

. 1 ... ,K. rreneh axis. !■ eoolr °'7-.-s 


Planetology 


trampart along tha trench »xl*. “ u nl ,Mi 

fore arc basin ay.ta. of tha “ ,nll * 1 la ta lb* 

a ad 1 sient through aubaorlna canyons lnoia 
Vast Lnion continental alopa. ™ giraetl) 


and ratal l era of U« flow ir.lo a F-ttwa'd dlr-rrtiaA ul Bast a*, U 61115), 1.2, Blagar 


65 30 General (Ring Atoaaphare) 

the rivg atmosphere of Saturn i moots carlo sikulatioh of 

HLKG SOURCE H30ELS 

H.-H. Ip (Hax-Planck-lnatltuc (Qt Aaronoais, b-3411, 
Kntlanburg-LIndau 3, Federal Republic of Germany 

Tha apsilal dlatrlbutlona of hydrogen atoni vltrod 
Iron tha rings af Saturn with a rauga of tmlaaion apoadi 
ara ilculated by Kama Carlo technique. Basically two 
laauua, ctw concerning tha source ltrangth and the oihar 
coocornlng tho geosiatrlcal conflgotatioo (which la 
epuclfieolly diacuaaed In tha praasnr work), have to b* 
dealt with. For axaapla, among tha aavaral poaaiblll- 
tlaa, photonput taring night bo discarded dua co ica low 
production ylald of H atoms and tha aba and of tin* 
variation of tho U Ly-alpha amisalen over tha year*. 
Intarplinetaty oataurold (epace could fail by a factor 
of Id in providing tha raqulrad aaiailon rate of tba 
Hug hydrogen atauaphara If tbs coniarvattvo (actuate 
for tha iopact vapour production rata ta uaedi otharwlaa 
It ia au adequate source. Bxuaphsrlc ajecrion of dlaao- 
tiattd hydrogen (ragneota froo rha dayslda disk la alia 
prowl sing, but wo show that tha global distribution oi 
Lho hydrogen at obi In ballistic trajaeroriaa appear a not 
ta b« In sgraeeiant with tha raportad Voyager UVS obiar- 
vatloua. Charge exchange incaractlon with tha Bagoaco- 
apharic plaeau baa baan found to ba a significant don 
nschanlin oi tha ring a tno ip hero. In turna, tha pitch- 
dngla dlatr Ibuttoq and, tha raa l energy distribution of 
Iha i-urot a! Ing plaana could ba otrongTy laodlfiad by tba 
neutral atoB*. Tba praaauc study tndlcaEai that tba 
loll rata of nnutral gaptlclaa via oharga exchanga could 
vary haiwaan 4*10" a and 7x10 28 a -l, ( 3 .t U n> ring*, 
hydrogen atmoiphere, 'charge exchanga). 

J. Gaophya; Raa., A, Fapar 4AQ799 


nlg/.ur Lett lu lei, Fvr uni J atari vd <eclitLaHd there in oil) 
vciw cco/eetlcn nt f,j.Ct a", thvau liUVidcu. tut Ue 
uantuarl wire Iris flpll reueh-a o o-.slwjn of 1$ M/a 2-4 
n/ufo t.fur* and after mu nl lailtufxo tutwuin 7u q Raoi 
,'d‘'A.. tjring set Lev ren) 1 1 lour a I thu rvnx of tu- ao(ar 
cwrlw IP< lpni*opni/rta c)*ft was lo.-ated wltr.lu im 
C hu lanlkw field Of vLlir cn xa.arol nncMUOH. 4 
longlluSLUalTr uurru* raglvn of rapid fair war I connugtjcn 


Va it Isle tbo sldlil llaii. pll palaitlaa sliaalaaas 
ebsaiesd aelag the AFDL Magaa lose tee Kctwark darlas tb* 
22 First 1919 CDAf-C ia ten'll ta Iha aagastla vlrta- 
Clns obaarvad at if eiyaakresoei orbit nl ,| a 
(aaoipharla ear cast duirlballaai dirlvad {raw high 
latlladi ugaatoMlar data aad ta luoipbarlo aoadua- 
tlrtty kodal. fa are sbls ta ahov Un at l al s^ tki ( « 
■aparala labs ton dbiiu er lDtaasiriaellns aeeisad 


Tectonophysics 


vox not ubaaraeii laiMr, pleiird flo* »: :urred area. 4 1160 OT. tpeoifleslly at IHIilO, 1164s 10 aid 


B tlO. g weatto curranti 

WOPHYBICAL AND UOIOTIC «W8TkJairra ON NAlfILE 
Conner l ON i AM uterin BTlflHBBIB : 

SmI'n r 'u D ^ le, 1 l ^L , " r0h * cbaoX <' t 5cl.Dc. a. 


uaar x 3-4 hour upread of Xc:nl line. For .diet Jl)«4 IkiOlSO Vf. T. mat whlah oaoxrsd ■ Rsatrallaa M-* -- |1 M,V , , g *' th .* ! f*P ! — s 

coOdtltOBg. the pru and l-nL-mos ragiaaa of pl*»M *nlF)r at 0114 BT darlag t |*«|.illa.l|y qalat talarval |o , ACT 2601. gSrrJuh) " l 7> ^ *■ .^"MYra, . 

into tho fJlar onp sure sohnAcad sol ao csatworl slaoutc tbaif set* dlotacbag exeats. U both oasaa tba pll St coot lux aod lata taotonto a... , __ , . 

field of 73 eV/s* waa scan aeraaa tba 2 tavrw uf local liaa palarliatlan pattan ioesi.s tba rsgiaa at itraa a earn- ua* to require nSt iaat'^ at °°"* nlc r6flka 

n«inl Mirth a.»4VV r rag loo pluaa wo. bba.rr.d watd a.att {.).»■ Jbtaga. I. .1. ,12 pa) a tie. I la. ' «mi. ^ Im! i”, 1 *!' ^ -*»y «,cl.ot 

ecnwsetieg «h«vgH iha aloft fraa.k .(tare- at dart., a s!ag)4 .vast V f*«r ta aampaap ...11 .kits, tall axel, for ma^U Uya^g. 


ward alactrojat. fbugas la iba ,12 palitlitllaa ■ 
darts, a slag *4 avast appaor to se*oa,say sail I ,M(|. , 


Vast Lnion continental alopa. m* dlrart 1 ) 

supply to the foroaro basin -v, traaek, 

rallied to th* »lo of aadloant ■■PZ l ^ u .,. aa ilgdfl* 
Tha sisa of the accrationaty prin |IN o|ly 

cantly along atrlka of tha trench, ana 
oorts la tad with tha local thlckaem of tmD ^ 

Inants within tranoh. A baf*** 

200 a ef traneh uirblditaa la prebabiy 4 praeeM 
accretion and uplift baooB** «• * . . u luo 

affecting the foraarc caglon. Thla D"" Tba 

apply to other eoorarganl plate ■rgio gtfta* 

uplift rata of tha aeoratlonary prl* R . IniaP* 1 * 
dramatically along th* troaeh, and "J“,-iu«Ul*an. 
dant of varlatlona In tha local aadlnaa risalti 

rata* In Lha (oraaro basics. Thla *»**• . (araart 

In tha formation of Dovoral dllfsrsal Jff* B |j islv 
ssorphalogy along th* Hanila Trandi. Jn* . loi*"* 
ate stratigraphy of tta |»|s 

basin la ronarkably txjif ora, **th g^a 

soatlnoaua far up to 110 kx aioog ire pt*J'- 

font ties that bound thaae aalwle aaq fallal) 
ably tba raanlt of a oonpla* lota rpW” tta*M7 
long-tan (approx. 10 Ih) epUft of ;«M* “ p.) wur- 
prlaa and ralatlraly s»« t-La ra< *P^* 1 Ull# , aa*' 
iatleaa In aadlaant supply to tba forum 
la tod by auaeatle a*a lawal change*. 

J. Oeophyi. Re*., B, Paper 4B0B10 

B130 Plat* Tectonic* uiutla TBEKCfl, 

A GEOPHYSICAL STUDY OP T “ OgATlfl. ** 

PUILTPPINBS, PART 1« CRUSTAL STIUCTURB, 
tBIOKJU. TICrOHlO EVOLUTIOJl (L*NOOl-« fc “ q 

Dennis E, Ihyaa and Stephan 0. “"*,'• oaivariKf' 
Caologloal Observatory of • 

Paliaadaa, Haw Tort, 10964) - ' „uva 

. Th* Hanila Trench aubduction aona 1 ^ g a, 
vacant plate s-rgln 
tha aorthara Philippine*. , Th* 

. and la aaaoolatad with a v<lloaol “ 

Banioff son* beneath Lubob, and b*»l" ”, 

arc basin ayataws.- Tha Lu»on MnUla ■* "Jig 

laodriard af tha Hanila TWtk. "J* JJJ aod 
ha or Oanoaoia aadlaantll. mciU 

of turbid I te gad loan ta to ^ ,l J^. i r n ging tl« n iS 

. hove rasHliad in (he, up- ,nd ^ »rgl« ^{3 

tlopary prjda which ferae -.Hy 1 -fySwtialBa ef 

ftirb.rab.pln ay.U-., Th. 

-gad Its offphora axtanalon term , 0» ^ (*IIM«J 

' Iha fores re basin, HulttohMWj |«NIUM [• 

• prpf liaa ‘ rare* l . that folding agd I 
■ trench at rata occur .t « J-M f 

Th* -Jot. atruatvtel d4aoUaw*at , 
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naually for— near tha cnconforalty aaparatlug the 
haalpalalfc ladlxautl free Iha rarbldlta aadlnants, 
Eulductlon and parhap* undacplatlng at tba baial haai- 
ealaglc trench aadiHata aocoapauy tha dafonstlon and 
■ccrstlon of Iha owarlylng elastic dapoalta. Faulting 
and uplift occur within a narrow zone of tha foraarc 
ahara jsanounti aiaoclated with tha rallct apraadlng 
caotar af Iha South Qilna Saa bails have praiunably 
bate subducted. North ol Ungayan Gulf tha foraarc la 
disrupted by active fault lyatana that brand north nnd 
gorthnit offahora from tha Luaon Central Valley and 
froa th* aeutharn Cbrdlllara Gantral. Begad on 
regional gaaloglcal and tectonic observation!, ua 
l n ( ir that aubductlon probably began at tha Hanila 
Trandi In Lata OUgocana to Middle Kincsaa tine. Tha 
Jong-tarn avaraga convarganea rata at eha Manila 
Tranoh la aatinarad to ba between 10 and 20 no/yr, and 
any ba aloxing In tha north dua to tha coUUimt of 
nlusn with Puraaia, 
j. Gaophya. Rea., B, Paper 4BOiu9 
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glSOCTURAL PSAKEVQK OF IKE GUU OF ELAT (AQABA) - 

HOGIHEEN BED SEA 

Zvl Baa-Avrataa , Dapaxtunt of Ceephywlca and 
Plsaatary Bolaocaa, Tal Aviv University, Israel. 

The Golf ol Elat (Aqaba) occupies the southern part 
of tha Mad Baa rift. Tha rift la considered to be a 
place boundary of eha traoNform typo (partially leaky) 
whlah connects seafloor spreading in the End Baa with 
tha lagraR'Taorus tone of continental call Lai cm. Tha 
daap —tar In the Gulf of Elat, up to 1850 natara, 
provide* ■ rate opportunity to examine rha process of 
eontln— tal rifting by narina geophysical techniques. 

IBs bathyaatry atan* provide* such Information about 
fault patters* in thla ara*. Tha fragaaatation of tha 
coca caotlnuona Arahian-African platfora ia a eoapllcated 
pro cats. It* shaped tha structure of tha gulf which has 
davalepad through continuing tactoulaa, primarily ann- 
als! log of faulting. Recast geophysical and geploglcal 
atudiaa of tba Gulf of Elat including bathymetry, bottom 

photographs, continuous tetania profllaa, aaismic ra- 
fraettoa, gravity, oagnstlca, bate flow aod caring, pro- 
vide nos information about the nhsllou end deep eruatnl 
■tructuxo of this important a newest of th* world rift 
ayxtra. Tha ihalloa atruetura of rha gulf la daalnated 
I; throe aloogatad an echelon basins, which strike N 20 °- 
) 5 °t, undulattona In tha floors of the basins produce 
■Irani distinct daapa. Thoaa baalna ara intarpralad as 
fuli-apirta. Th* new data from tha gulf euggaac that 
classical modal* for tha formation of thaaa structures 
JiftniA ba codified. Only one of th* longitudinal faults 
of aatb depression is ■ auika slip fault while tha other 
la predominantly a normal fault. Iha situation with tha 
other two aldas of tha basin whidi ar* supposed te ba com- 
posed Of normal faults any Aim Ba more complex tb*n pre- 
viously thought. At lasat in one eaaa, one such boundary 
la eaapoamd of a atrlkm-sllp fault idiila tba other baa no 
slpUltfnt Ionic . Cruaeal models of tha Gulf of Elat 
band on gravity data Indicate that tha haslna ara rather 
rftiUav cod do not oxtaod into eha lower cruet. Tha MU 
of tho basins extends to about five ka below tha aaa floor 
in tls noctiaxu and southern banian and Isas In tha contra 
hggla, Tba aagnatlc mums Lias ovar tba Gulf of Elat prob- 
ably reflect lithological aluwaata (* tba hasamaot. Holt 
qlgnlftcine sags. tic ssamailBS extend froa land into the o 
Eooa of thsa, bousvar, axtanda (roc ona coast to another 
stress Lha gulf, Thla supports tha geological avid ana a to 
Nhaar bstvaan tha Arabia sad gloat plate. . Tha aagnatlc f 
ptbt the southan third of eha gulf ia rathar smotfa and 
•Artadly dlffaxont from tbqt of tha other parts. Tba natt 
of tba aa gn a t l c s, tha critical atruetura of the wsatarn nil 
md tha hast flow valtiaa Indies ta a thinner crust aod dirt 
tacteoic processes in tha oontharn parr ef tha gulf. Ovsi 
U asms that within the sou therm Gulf of list a tranaltli 
occur, tonmaa crustal spreading char taka* piae* in tha ' 
lag to a rifting without spreading that cakaa place aleng 
Bead la* trsaafan. Iprasdlng activity prepatataa froa a 
to aorth, TBs most ac t I t. place Is tba cantrsl basin vbl 
balsg propagated northward lata the shallow northern bast 
J. Gaophyi. Has., 8, Fapar 4I07JI 
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FA1WCLIKATIR RVPlF.NCR FOR CWSOTOtC VICAATI^W ,iF 
ALAS7AN TPWAHF.8 

G, Yallar, 4, van llusna, X. McPiuAnll, .nd T. ». Bruna 
6, 3. Gaol ox l c/i I lurvov, 1A3 qiH.il aftaM RnaH, Hint a 
■irk, Call ram I a 04023 

CSroaoJlrat Iqrxphte and paldncl last Ic cawoarl.nna ir 
"lctofo.it la fraia Haap-xaa cur*., froo aaianlaa of an 
a tpl oratory drill halo, and froii dradda-l rod of th* 
tull of AUlka with cnaval micro/ jj«I 1 ..aaublags. nn 
lAa IjrtA Anartcan cnncla.it provlda conxCrqlni" id 
t6*«rrRv»Td mlsratloo of th* Yni.icat bind, iba 
Print* Stilton torrona end tha P.ctflc plot* during 
TVttlary tint. Tho Coaparatlve pat no I «t Itudoa of 
alcrolauna and flora provlda thraa wain conatr.larg, 

(1) Tb* Prince wtlllm terrana wno In (ta prnannt 
poiltian with raaptet tn North Ann r tea (at hl«h 
iatltudaa, 30* + S’Nl by taddla Vienna t(oo (40-42 
Ha), eonalatiot with oodala dartvad froa palaonsgnerlc 
data. (2) Th* adjacent YsPutat block wa* 10* ♦ 3* 
aourliof (t. praaant position In anrlr roeono Tgo Ma), 

» *5 ,4 “th In Biddle Rncon* C4t>-44 K*l . and 1 3'r 
" ,0lUh *0 lata Poena Mbs ( 17-40 Na) , thus 
(squiring a northward Bntlan of about 34* nine* tn 
Hi. <tar*ov*r, tha Ynkutat block w*. .t lanst ID* 
iOurh of tha Prints Hllllin terrana during Eocena 
ilia. Ihag* data tra conitatanr with migratlnn of rha 
rstijlat block with th* Pacific and Kuin placoa fnr at 
laaat th* Use 30 Ha. (3) alto 142 on th- Pacific 
Pi are usa at about 15* * 3*N latitude In th* lit* 

t*R Ha), nt TO* ± 3*N in cnrly Rseana (3ft 
Ht), «t 40* ♦ 3"N In rslddl* Rocana (40-44 Ha), at 43’ 

*3 N In Uta Rocana (37-4/1 H«1 . an-l north of 'ft* _» 
x.5 Encana t« early Ollgocnn* Lin* (34-37 

"»». Tbaaq palaolatttudqa, hanod on nlanktnnl" 

I 1 ntr * r • , Maanblagaa, inrl lento northward drift 
cnnaiatant with tho Nateh Ataartca-Pscif tc plat* raenn- 
lr<n * About AR Ha to 4ft Kt (Rngahrst.nn, 

, " H °wavar, froa Crstacanua ta early Encana tins, 

>*um 1 Hat. indlcsta ilgniricantly lowor latitudinal 
1 ,roa Ollgocnna to aarlv Hlocono tine, 
gntflcantly hlghar latitudinal poaltlonn. Thaaa 
C * n •*P ,i **'a'l hy tba northwnrd 
panston of tropical faunas during th* globally warn 
,V* T TAPtlnrt and southward axpanalon of cnld 
DllfMan* ," un ** ** ■ r *Awlt of globol cooling during 

Tactonlca, Paper AT0562 

!!»/'!«« Thctonle.) 

AtKEHATICS OP THE PHILIPPINE 8EA PLATE 
A]A^fI^"5 , /5* ophy,lM, Iftatltuta, UnLvaralty of 
*. fa^ig F * l,b,nk • , * u,ka )> *■ Cardwell, and B. 

dssSTsf S S'’.u l, “' tanooul rotation vactora 
rat., * th * “ e,,>n of tha Fhiiippl"* Saa plate 
** aurcoooding plataa ara data reload that 
okv.i^ rll, A , ** l,fy 1,1 A7“llAhU zaologlcal . 1 * 0 - 
pj lt aalaan logical abaervattona along tbo 

P.iir. 1 fatlf In-thlHppina and Carollna- 
hisilmfh? ?" !” ganatatad from a set af trial 
ad , p n * po, • , of Mtatloo, using publlah- 

i. .7” l llt> W ®f lha Euraila-Paolf Ic awl Cato- 
Carais!!i^B Pp i> a foU *- Tha Paeifle-PhlUppisa, 
l T~f tc ltlc i aad Burasta-Phllipplna polaa ara 

• laUa tbT*a ,r 2* ,ae * 1 "•' h “«l*«A »f earthquakes 
coi»r«! lyukyu , ‘ranch and tha Masked trough, (2) 

16a Harlan trough, (J) extension In 

traneh r«t trou R h > *•) aatanalon behind tha Bonin 
and (A) AHtanalon is th* western BoroL ttough, 

Eu /*■ ii. pu?r? r ® J ne * 11 tha ibiaiau traneh. Trial 
PUl* Iwi lp !*“ f* 1 ** >r * alinlngead If predicted 
Tha ln^i™ ««b>Axv.d plat* Bntlona. 

•tiling ni? M rouel#B r<[ » of tha thraa bast 
141 . 0 'S ^ **“Fhll ippln* > 37.0‘H, 

141. 4<| q ^oUna-Peolfin. 16.9‘M, 

UitM m Jl? "Ttw Plata notions pradlatad by 
Irlbutlan *r* co "P*Fad with the spatial dia- 

•aluttaM ta >nd focal •“hanl.e 

, 1 s* tho «-P»AH region whar* tha Fhilip- 

mi ^ C, / 0llM P l «»« Iftbaraant. In- 
iWih.. J 1 *' r,,eu, MFthqusk. hypoconteri 
«•«. ta « ! tarI ™ « aouthward da- 

,l *«il*lv ° £ ,ha AAlawic *ona Which quai- 
ls ,h. 1,11,1 e *“ P^ "die ted • convarganea rata 

•riant a , i_.fi PetBtlon Is approached and BB th* 
dl , app.*r. D * e iu* re *P ,B, 3dng in tha Harlan, trough 
*t*-j, B[ k ‘ A^aanca of volcsotim and tateraadl- 
Tip. J-J p-,.“ lelty Aleog tha aoathacnaoae Marians’, 
,tl rlbut*d I™ ,,ccl ® a * of the plata boaodary Is 

fti a* t* Aulutlon along tha tranoh anuth of 

feusd ala.. cl ** r uodarthruatlng aolutioa 

j , "•**•»• trench and agresa with tha 

Pina llr * etl# " ^P Had by tha PaeLfie-Fhlllp- 

y se*l Ba c baniII t ‘ t } 0n ' **“ ol ** t uudarthruaelqg 
■ad P.iiu ,„*^. ,Blutla “* "•« found. along tha. Tap 
■■latlcrm • 1 *hough thraa hlgh-sogla throat 

*n tb, ap6a aahtrat* that conpraaalon ta occurring 
*«adgrv f» c PaP«»l*r te ths plats 

l »ct*aici J? 1 " P01 " 0 ‘ . 

■■ P, P“ 4T063J ’ . 
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CITOPUTE SE ‘ SalCfn ’ 0F ™ E WUrHBHN PART OF F1IE PA 

ttUSK r ' [ Cuol ' > * lral Stlnhcn,. Ncrlhwoitarn 

unite rally. Etsnilon. Illinois QMOli 

ths e*rt r orV), l « B p^ 0 Ili P ^*, 11 ? 11 01 lh0 "Wily 0 r 

Ihs parL of U, e Pnolflo plain laesiod SDUlh or lho Equolor 
Thla tnoludui hlslorlnsl earthquakes doling back to 1637 In 
addition lo lho Cllborl Island inarm ol IBBl-lBHJ. -a idenUly 
ao avanla at 3E upleenLuru In lha magnitude rsngo 4.3-8 8 

ern Pao'I/ta . lt " 1 ,hB |8 * #I 01 rt »n**y oi tho SouUi- 
Ludln. comparable Lo lhal of olh.r pi.i.a. In- 

? "r? »»nl nant-li*ari na nn.a Ileal of lha s.l.mle acLlrtiy 

Ir*. «.nl 1 [ OU,1 *' !,L P‘ rtl af Plita. but a fa. 

’™“ nU “P» praaenl im Crnlaeaeua IlLl.oiphere. Hllb tha 
aaoeptlon of ev.nl. irom the Gilbert laisndi inrm, oarih- 
J* hoBptl ® r a 36 Ua and older ere u.ual|y 
S2TSIT, ^ lh lhe rala«Aa of horl.onlel compra.alonal 
atniiB dua to Lhe grivllntioriBl proceas known ai rldBo puih: 
In younger a rsii. tha altuallon Is much laaa ciBBr-njL Trie 
Onal gaomolry or Ibe loos I maohanlama Is canliellod hy local 
taolonlcs: ta psrlleulsr. due ta lhe Mlooone recrisntallon or 
the aprasdlng el tha EaaL Pat [flo Rian, the bulk at Uiu PaoWc 
pktLe 1* partleulsrty vutaorebla to rldgo-puah ant- this ar- 
plsma lha numsreu. xirlk*-«llp uventa ntirt lhe abaanoo of 
magniluda 8 avanla In meal uf tba plat,. Corrolallon. of epi- 
centers .Uh ion on of vnsknon or balhymrlrlu laalursa srn 
Iraq mm l, but not unlvnranL Hnally. o number of arena with 
high aolamlo release aro IdanUfiad aa potanUal LargeU for lu- 
lura exploration. (Solamlolty. Polynaaln. Plsla Tti-lonloi). 

J- Geaphya. Raa., B, Paper 4B0778 
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ACTIVK MFOSHATK'N OP THU PAGIPK NORTHNEST 

CONTINENTAL HAROfH 

John Alas a (Eartn Pnyaia* Bronan, energy, hi mb and 
Raaoureas, Ottawa, Canada KIA 073) 

Tilted and upUFtad narina tarraaas ta aouuiarn 
Oregon show progressiva landward tilting of tha oosatal 
range* at about 5 - 16 s 10-> rad. yr-1 tar me 
tail 0.25 a.y. Tlda gBugoa ta Uainingtoa eoa Brit tan 
ColuBfils, and tan reaurvayad lava Ling llnaa running 
inland from (na ooast, tad (data OMtaaporary landward 
(dovs-to-t ba-aaa t ) (lit rates or about 1-12 a io-B rlrJ . 
yr“* Averaged ovar par loda of froa 10 to 5b yaara. 

TM level tng llnaa traverat, and tba carraoaa out 
across , dipping Canotolo stratai plalatocan* (dips io 
3*) i Hlo-PUoc-ina (dips to 30*) am fosan* (dlpa Lo 
60*). Souinara Dragon rros Capa Blanoo to tna Jllatz 
River shows geodatto or tarraao lilting la ma aana 
direction as tna undor lying stratai dips. Hanoa 
praaenl -day daforssilo/, continues past daforxatlon of 
ths coastal ranges and is no at llxaly related to 
aotlve subdue tlon of tha Juan da Puca plat*. Th* 
ataap at ratal dips, laax or sajw estiva faulta and 
historic earthquakes, and presence of very young 
holding -plana faults suggest that nuoh of thu onshore 
datamation end shortening within tna overlying llortn 
tBirtaan plats lo taken up by folding rather than 
thrust faulting. Prasont anurtanlng rates sorois 
north-trending folds near ths ooaat ara batuesn 0.02 
and 1,9 x 1C - ' yr-1. Toe rata of shortening 
decreases rapidly usstward* froa in* Juan c* Puca - 
Horen Anarioan plata boundary. A total of about 25 aa 
yr*l of peratnsoL whortaniag would bs occurring 
wltnln the Norm Aurlaan piste | Bast of It In ma 
waatarnmovt VO ka. Tna landward tilt and stwrianlng 
rates ar* s tailor to these above nan; ocnar aubduotlon 
tones that have experienced great thrust earthquakes. 
Hhtta a nigh strain rata QHSura-1 near 3aattla, 
xaihlngton, naa naan Interpreted us elastic strain 
aoousulatlor. oatar* a thrust earthquake, the low level 
of historic aalsaiclty and tna slnilarlty of ahort- 
and long- lira oeforaation rates suggest alternatively 
mat the aubduotlon beneath Washington la aaaiaalc. 

The isaua naa oonaldarabla lapliaattona for salsnla 
nitur-J avaluatiM in tha Paolfio Horlnwaat and codld 
d* raibived oy a auarah for tha affacta (or laaa or 
affoctai of prar.latorlo greet earthquakes. 

Idubduo' Ion, tilt, shortening, gooaorphoiogy > . 
TucivSlca, Pap oi 'iTUSbO 


Slid Plata rs/tyniui 

ii.HVt MFWRHAIIUM UF r«U MI I Pit NvRrHNtil 
GGIITldtNTAL HAAJTN 

Junn tiao* itarth Pnyaioa nranoh, Snargy, ;Unaa and 
Resouraua, Ottawa, Canada Kit OTJ) 

Til lad and uplifted uarina terraces in lautharn 
Jragcw. wir. prvgr*lii/e Undaarl tlit;>.g A .i.e . ..slat 
ranges at ao*ut 5 - lo c t0 -i rai. yr-l fjr me 
last 0-25 B.y. Tide gauges In aainlngton anu Brltlan 
Colunbla, and tan rasurvuyed leveling line* running 
Inland froa tna ooast, Indtcata oontaoporary landward 
I down -to- tha -east ) tilt rataa or about 1-12 a l0- a rad. 
yr“* averaged over period, or froa 10 to 59 years. 

Tna leveling Unas tmvaraa. and tna tar ran. out 
acroas, dipping Ganosoia stratai Plalatocan* (dips to 
J*). Nlo-Pllouena (dlpa to )')•) and Eooana (dlpa to 
60‘). gouthsrn Dragon froo tap* Blanoo to the Bllotl 
River above geudatlo or tarraca lilting in tha jib* 
dlreouan ai the underlying stratai dips. H*noo 
praasnt-day deformation oontlnuai peat deformation of 
thu oosatal rangaa and la most likely ruined to 
saliva aunduotlon of th* Juan da Puoa plata. The 
it cup a tra tai dips, look uf ujor act I vs faults and 
hlatorlo aarthquakaa. and prasenae of very young 
balding -plana faulta suggest mat suon or ma onanora 
datamation and ahortanlng wltnln tha ovarlylng North 
American plata 1a taken Jp by (old ins ratnar than 
thrust faulting. PranaoL shortening rata* aiross 
north-trend tax talda naar tha ooaat are between 0.02 
and 1.9 * 10-" yr-1. The rata of shortening 
decreases rapidly eastwards froa tno Juan da Puoa - 
Borin American plate boundary. A total or about 25 na 
yr-1 of permanent shortening could ba occurring 
wltnln me north Ulricas plate i ooat of It In tba 
vasterneoat 40 loa. Tna landwxrd tilt and shortening 
rates are slBllar to tnost aber* many oihar aubduotlon 
zones that have axparlonoed great tnrusl aarthquakaa. 
while a higa strata rate osaiursd near Saattla, 
Washington, Ma baan lntarpratad as alaaLio alraln 
aoouBUlnt Ion before a tnruat aarmquaxa, tna low level 
of hlatorlo aslSBloUy and ent slnllnnty of anorl- 
asd long-term daforoation rataa suggest altamstivaly 
that the aunduotlon bans* I h Washington ta aoeUoio. 

Tha laaua has considerable lnpllogtioas for salssLo 
hazard evaluation lo tha Paolfio Nortbweat and oould 
oe raaolvad by a aatron for tha affeota (or look of 
aftaota) of prsnlaiorio great *aru>quakes, 

(aubduotlon, tilt, shortening, gtosorphotagy). 
leu Bales, Paper 4T0I60 


H130 Plata Tactonloa 

IMPLICATIONS OP PALtOHABNLTIC DATA ON THE 
COLLISION RELATED BENDINO OT 1SLAN0 ARCA 

Robtrc HcCata (Partrqu.k. nasaaich inatltuta, 
University of Tokyo, Bunkyo-Fu Tokyo, Japan HM 
Paluoxsgnotlc studio* f ton tho Harljnaa, 
central pblllpplnoa, Ryukyu*, Sulaveal, Pljl-faw 
Uavrldaa all show oa)oc dltloraseaa ih the dec- 
lination values obaarvad fro* individual islands 
within tin ae»o arc. Cospsrable dlffarenoo* aro 
not obaarvad in tha inclination values. A 
staple plata tectonic moJol would predict that 
each Island aro should axportenca too seam rota- 
tion along It* antiro lengtn a* th* plat* oovea 
around Ua rotation axl*. uithyc.trv fro" ■* ch 
of tbnae arc* atiov that the differentially 
rotated aegcante ol the upper plate occur In 
araaa waara th* dovnqolng plat* carrlaa a fea- 
ture such aa a wbeoubc chain, rltced continan- 
tal fraguant, or an la land arc. Uio coin- 
cidence „r tha baehynatrie feature and th* dis- 
cordant paloOBagnerlc declination dee* euppOtt 
an sail lat hypothesis of Vogt 114731 that thaaa 
laaturaa are buoyant sons* on tna downgolng 
plate which interact with th* aargta of tha 
Lpar Plata. Aa a raault ai this tatsraction, 
tna upper plate boundary ta looslly deloraad. 

In addition ko the palaosvignaila ovldanca, other 
uaalqglc and gnophysioal data from chmaa aroaa 
avcuaat such tataraotlon*. for asanpla thara 
appears to ba a good correlation between '1* 
Collections In major structures «owRd-*<“ 
col I la Ion .one and rha p.I.cgnetlc dl ractlqu. 
that are IO ported. Am thla daforaation. lwocaad*. 
eventually tha atr*asaa rawltlng lino th* . 
collision nay result In any of uia 
tectonic procaaaa. i II altp-llna «»!*: atrikn- 
.lip fault. sliuwiAg for th* alderard extrusion 
of portions of the uppa* platt IT.pponnlar at 
al. 19831. 21 change* in tha P 01 " 1 *' "* 
aubductlon saner J) devala(»nt ol atrika Blip 
fault! around die margin ol Lha indantar. or 4) 
raorganUstlOD of tna aotlte plata aarglr. ta 
addition, data, f™ the Harltaaa. sogthero end 
of LIM nyusyu arc, :*nd th* Wu Baal" •!««•■ . 
that back axo MBin.dnv*lorf»pt may xaault from 
th* coll lalo" ralsied deformation. 

Tectonics, Paper 4T0361 - . 1 

Tectonic! , Fapar 4T0563 


619’) Ganaral (Dafonaatlon cycle ar aubductlon 
canoe ) 

A VISCOELASTIC CGUPLII*) HOUEL FOR THE CYCLIC 
DkFuRHATlClN DUB 10 PEKLOD LCALLY REPEATED EARTH- 
QUAKES AT EUBDUCriuN JUKES 

V. Thatcher (U.9. CcoLngical Survey, Manta Park, 
CA 940251, J. B. Bundle 

Van leal dlaplacooanta dua tc- periodic ravarau 
faulting avanti in an slsatic plats ovarlylng t 
vlmroolsatlr cKuvolL) half-apsco ara obtalnad 
and ccnparad with tha obaarvad datamation cycle 
(coaalamic atraln release, poaiialsalc tran- 
atenla, Intaraaiaalc atraln accuaulatlcn) free 
Japan. The vtataulaatlc oi facta, includlr^ tha 
Influence of buoyant rascorlng (areal, are 
obtalnad ualng tha uctail devalapad by Rundla, 
and plat* convergence and strain accuaulatlnn are 
Incorporated following tbo pebcadura aupgeatad by 
Savagt. Tho resulting daforoatlon cycle 1* 
c-npared with that of on anatagr.ua olaattc hal(- 
apato dlslotallun medal In which pastes ribquaka 
Oftacts are dua to translont asolaalc ■ g ip below 
the cosaliBlc Isuir, Cyclic daforoatlon la 
alnllar bur oar Identical for Lhe two models, and 
obaarvaclona frea aouthueet Japan auggest tba 
superiority of lha vtacoelaotlc couplliy aodal. 

In perrlcular, Inclusion ol tha affacta of 
eteady-stata I low In rha aathenoiphaxa ovorcmiea 
a defecL of tha elastic half-spaco nodal and 
raaulta Id agreasant with tha obaarvad Inlaraala- 
atc novcoaot pattarn. Sewaral aapaci* of th* 
paataalssic dafornatlon, tta landward migration, 
and Its traniltlon to rha I nts real sale phaaa of 
iha cycle ara aaplainod ai wall, but lha start 
duration of tbs near- traneh transient* rolaclv* 
to those observed firebar Inland Is not aatchad, 
Tho success of * burled slip aodel In e.plslslng 
early paitiolsalc naar-trooch aovaatnls and 
astbinosptarlc flow Ln accounting for cunulitivo 
poatsarthquAka liana lent eoriona auggaaca thr 
siletanca ol a transition zana batuesn llrho- 
sphers and asthanoaphara whosa behavior la 
farlttla/alaallc In tha abort-lara and ductlla lor 
longer tarn defamation, and such a andlflesllon 
My reconcile renaming discordant observations. 
However, rsasonablo variations in coupling uodol 
paramarara cannot account (or obaarvad 
dlfforaneot in tha deforBitisn c/clo In other 
parts of Japan anJ thaaa regional dlflerancas 
rraaln uoasplaliud. (Earthquake cycle, crusral 
datamation, plats tactontcal. 
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8M) Vulcnnolngv topics 

PYROCLASTIC ROLFS AKD CAIi/ERAK A3SHCIAIFD Will 5TRONGI.Y 
PERALRAI INK HAT MAI I SH 

G. A. Holiond (Drpt. of Coolosy, Stanford UnlvutHl l 
Stanford, (Ul 44163) 

9 cron* l y para! kn line vnlr jnir compluxoH trrvl to b. 
whleld-llVc due lo coilosccnca of l»v-v tacos liy tav.ii, 
froii nucorous vwnt arose and blaniotirg bv pyroc Marie 
(love nnd falls- Denso welding and rhooiinrptils-i 
cotnonly nask (l<* nalura ■/( pyroclastic uni in; welded 
punlca (alia ire cou.jn. Sctattaolv low arupllvo 
columns prcduca poorly sorted pun tan (nils lh.it arc 
difficult to dlaitn*iitvh Ir-n topography-iumtlln* 
pyroc last Ic (Inis, welded (all dvr-’-alte aro cllirlctsr- 
lrod by multiple. Itnir-ecsls, woldlng ruvoraala, 
voiding i-umi i tal corruapond with strut I (tail Ion. end 
b> rtatlunlnc ol finrcio p.irillel to undor I ting utor-ev, 
whorejs welded MpoRriph>-r.inl 1 1 n* lEnlnl-rllos ray h.ivw 
rino-prsinL-d basal lavvrs, lltlile luiilua, lithrlcat. 
ftiiaw, .and vnrlaltons In cr«atnl ci-ntant nn-l finrrr 
slru win, t^pojrsphta pn«l lion. L'nldorje are iwlarlvsly 
onnll, ryplnllv I-* k-i In Jlanvlcr. villi llulo 
evidence l,.r itnglo-etqpv q-ibkld/ncw In mcro of a Inw 
hunjri-d cicreri. Many bir-nklv pvrnIFjllna vwlcanlc 
center w »h---w avl-lor-:v of tao .r :vc« nentud >.ulJ.r-ie. 
und partial rnjtllvn l-n •■( Uk-r ring fncturm lw 
cordon. Pup Ion l si men l -d rjg-j rcvervolr* h.neuth 
'■■ilj.'rii* cm pr-i--"ta- Jll.iiiim rn.ictlvai l«in of olJur 


BubaldaocD atructuras. In savarn! contura, the caldara- 
tannin* unit La son»f Traa pastel Larlta ro core 
ervatal-rlch trachyLo- Following collapno, trachyra 
lavas conrrnlv erupt froa a cantrsl vane on tta caldera 
floor, hul Ldlng a com chat nearly (Ilia tha csldwra. 
Ra-ostnbl lahoont of (sostnrLc equlllbriuo r.ay be 
»cc ocip it si icJ both by eruption of these lavas and by 
flaw of trachytle or nftrb mafic uird. Into rha root 
ions beneath tha valrnno. Hoiurgani doming snnsu 
attlccu ha* not been dacunontcd lit strongly porsILallre 
ayacama; ac Ponte l! aria and Mount Suava, hov.vor, tha 
cvncral portions of ths cauldron blocks vara uplifted 
nnd til cad. Hlgns raaarvalra that food snploslvs 
erupt tans gonsralir ara aha I low. os indie a tod by 
pyroc last ta unite that contain lithic fragxoara cf rho 
vc Iconic odU Ice (cacaonly including cogniio syenitn) 
but lack subjacent crustal 1 1 thologiaa. In add Irion, 
lha ovcrwhaloing pradoainsnea af alball fold spar na a 
phonon yat phase and iha acarclty of quails std 
com I atone with piuitel larlLo llquldus ruin norm only at 
proasuraa greater than LOG HP*. Pan toller Its and 
trachyra Bhialda oay roproaeoL tha eaturo ataga of 
conclnantal-rirt voLtanLsi.; once tbo (lux of tuntlc- 
darlvad osgcsl has bean sufficient lo genoral* a Jorge 
nsia nf folaic liquid that css act oa a density filter, 
caflc oogpaa rarely reach ths surface. (Perslkollnu 
aigasn, pyroclaatlc rocks, caldarsa). 
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THE ILI0CS7B SRAMWHT SHEIKS OP LA PALMA/ CAN AST ISLjnBS 
B. SusBlgel. Saripps Tasl. of Oeesooiciphy, La Jolli, 
CA 9 2093 sad Lunl Dob any Oaalagisal Observatory. 
Ftllisdas, NT 10964, aod H.-U. SskaiDska, labr Ualvar- 
•llat. laatliul far MlBaralogl*. D-4S3 BoaBva. FRO 

A Plkoasns ssrlas of lahaixlaa alkali Biaalila 
plllov lavas, hys lost ail I in, sad brssalas id], ■ 
ibialsd dtkl svara IB) sod s bull lulls Of gsBBre sod 
sllrsasris roska (C) from La Paisa ICaaary lolaada) la 
iDlarpralad as a orasa-iisl lea rhroujB aa apllftad 
■•■■oust. This sarlsfl bis bssa II I lad lo Us prases! 
ortamstloD a r }0 a /3J0° (pi aga sad itlwath), probably 
by upearpiai darlsg 1st rail on of Bills lad platan. Ib 
tb* ssntral portion of ika iilaad. Tba bull plntonln 
■alia (C) ia ovarlals by tbia 1860 b of illls (B). 

■ itb dIddc astasia of larao sod braeolsi. Bairaalssa 
(AI fens a I7J0 b thick asquaai of pi II ax laxaa. braa- 
slta, tad byiloaliffllaa. Tba clastic xaoki laasaaaa 
lo sbsniaBai upward sod s(* of fasr nil lypasi (1) 
nil tow braaaln . SMaisllsgof ptrily Brokao pillows, 
formed aesrly In alts, (J) bsi srol 1 Ibologle nUlow 
fra— Qt braeelst lad (3) kvi Icalsitl l.i anyotad dna- 
lataliy of highly vial solar Ispllll and sib slasd 
•birds are thoagki to b>*« fcimcd hy osar aurfas* 
asploslw* aruptiaoi. lai sari isbisqasally Irasapoilad 
dosnsiopa by asoa flows, (2) ssd IJ) bslsg inlarpr.lsd 
lo hsva haaa rsudlaiol ri. H I lint snarls breaotaa (41, 
frra tba upper 7 DO a of lha silrsslva i.stloa aaaalal- 
lag of aaaibsldal, highly •astaulir *pMI«wi* aod 
Isva ilrlngars. dslsahsd plllov riads, sod laail bombs 
ippasr in his. (oread by erishlag tsd "blsidlig” of 
gsi-rlsh scpandlni pll In tivs ssd seas shallow 
inbasrlBs/ishsirisi lira foulilalig. 

Tha La hies sooosailon., acahiaad .lib svldonaa 
froa surfas* studlas of saiBoaals. ivggoslt Ibal 
•••monnls ars foraad by Islroilxs md iiliailvi 
proosssss Is approzleilsly aqul port Isos. Erupt Iva 
elaslis sod dsposllioasl uibiilm shsaga dsaslioally 
darlsg irmh of ■ assmaasl for dlffsrsot dsposllloMl 
slaps* and if lha aril lost dspth for aijor aogmstie 
dsiaistag Li turpitiad. Thais nhiogii rosalt In dlt- 
(Inal ILlhoLoglos. for two nils sligsi ■( issoddhI iva- 
loiloo, sad far issatl ar slop* satirosBosls, Nao- 
•iploslvo. eilrutlvs prooesisi prsvill Is lbs Paso 
hill lUIl . doalokst ly prod.nl sg pillow Iswn 17541. 
type 1 ssd 3 elastic rooks oomprlia -IM el lha la attm 
fa. las. Z2u shallow water isheallail iiaga is isi- 
ilsrsd when lbs i. mount lop rsachai Iks artllcil dspth 
for dr. tile locr.ass Lsaigaitlc wolililt .sioIb'Iob 
(bar. it aboil 600 m>. rsaalllag Is faros ilea of JOB 
pills* lavas aad TOrti allills roaks. asilly iyps 4 id 
I bi ig lllu- unit r.oLsi. sod i ; pa 1-1 lo IBs flank* 
•ad spruna nf rha launil . (3suo.nl i, oa.aoic 
itlssds. lubaarLaa volcaolu. .ol.isUliilla rook*, 
Csury III. 8. 
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